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ABSTRACT 


The  increase  in  interest  by  the  Navy  and  other  organizations  in 
placement  of  structures  on  the  seafloor  necessitates  establishing  site  para¬ 
meters  relevant  to  such  construction,  and  equipment  for  measuring  these 
parameters.  Included  in  this  report  are  the  site  parameters  significant  to 
designing,  constructing,  operating,  and  maintaining  a  seafloor  structure;  an 
outline  of  the  site  survey  procedure;  the  equipment  available  for  conducting 
these  site  surveys;  and  data  handling  and  reduction  techniques.  Also  included 
are  recommendations  for  research  required  prior  to  placement  of  structures 
and  equipment. 
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INTRODUCTION 

The  objectives  of  this  study  were  to  determine  and  summarize  the 
requirements  and  the  methods  for  selecting  and  surveying  an  ocean  site  for 
on-bottom  installations.  In  accordance  with  the  objectives,  the  various  para¬ 
meters  significant  to  designing,  constructing,  operating,  and  maintaining  a 
bottom  installation  were  established.  Simultaneously,  a  study  to  determine 
the  state-of-the-art  methods  and  equipment  to  assess  the  values  of  these 
parameters  in  site  survey  operations  was  conducted. 

The  purpose  of  this  report  is  to  present  the  findings  from  this  study 
and  also  to  supplement  earlier  reports 1,2,3  by  the  Naval  Civil  Engineering 
Laboratory  (NCEL)  in  the  area  of  ocean  construction  and  site  surveys.  This 
report  discusses  parameters  significant  to  engineering  site  surveys  and  the 
procedures  and  state-of-the-art  techniques  available  to  assess  the  values  of 
these  parameters. 

Since  this  report  is  written  with  the  assumption  that  the  reader  has 
an  understanding  of  the  concepts  of  site  surveying,  specific  step-by-step 
descriptions  will  not  be  included.  The  more  significant  aspects  of  site  sur¬ 
veying  for  ocean  floor  structures  will  be  coverej. 

Site  surveying  capabilities  for  engineering  applications  in  the  ocean 
are  currently  deficient.  Site  surveys  conducted  for  general  oceanographic 
and  geological  studies  do  not  demand  the  precision  required  in  civil  engineer¬ 
ing.  Positioning  in  the  ocean  is  one  deficient  area,  and  the  remoteness  of  the 
bottom  relative  to  a  surface  vessel  compounds  this  problem.  As  a  consequence, 
horizontal  control  is  inadequate  to  survey  areas  of  500  feet  by  500  feet  with 
sufficient  precision  that  a  structure  can  later  be  founded  on  a  relatively  level 
area  50  feet  by  50  feet  within  the  surveyed  area. 

The  problem  of  site  surveying  for  engineering  applications  will  be 
partially  solved  by  the  development  of  precise  positioning  techniques.  The 
other  aspect  of  the  problem  is  the  measurement  techniques  required  to  assess 
the  values  of  the  site  survey  parameters.  Possibly  an  absolute  system  of  on- 
bottom  horizontal  control  from  which  data  points  can  be  referred  will 
ultimately  be  required  for  positioning.  (An  absolute  system  refers  to  one 
which  is  integrated  with  the  absolute  coordinates  of  the  earth.)  As  an 
intermediate  goal,  it  is  desired  to  have  horizontal  controls  accurate  to 
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±5  feet  with  reference  to  the  closest  international  geodetic  network  location 
point.  With  such  a  system  used  in  conjunction  with  a  submersible  survey 
vehicle,  the  many  inaccuracies,  doubts,  and  questionable  data  obtained  by 
conventional  surface  systems  can  be  eliminated. 

SITE  PARAMETERS 

Although  many  data  about  a  particular  location  are  required  in  site 
survey  operations,  only  the  parameters  of  major  importance  to  designing, 
constructing,  operating,  and  maintaining  a  bottom  structure  have  been  con¬ 
sidered  in  this  study. 

The  following  are  considered  to  be  the  significant  site  factors  for 
ocean  bottom  installations: 

Foundation  Engineering  Data 

Shear  strengths 
Consolidation  characteristics 

Index  properties  (density,  void  ratio,  grain  size  distribution,  etc.) 
Sediment  thickness 
Compaction  characteristics 

Geological  Oceanographic  Parameters 
Bottom  topography 

Subbottom  structure  (faults,  joints,  discontinuities,  bedding, 
depth  to  bedrock) 

Sediment  type 
Seismic  activity 

Sediment  transport  (mass  movements,  turbidity  currents, 
scour  and  fill) 

Physical  and  Chemical  Oceanographic  Parameters 

Currents  and  tides 

Temperature 

Salinity 

Sound  velocity 
Light  transmissibility 
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Dissolved  oxygen 

pH 

Hydrogen  sulfide 

Biological  Oceanographic  Parameters 

Presence  of  fouling  organisms 

Presence  of  plankton 

Presence  of  marine  bacteria  (both  aerobic  and  anaerobic) 

Surface  Phenomena 

Climate 

Sea  states 

Foundation  Engineering  Data 

Data  on  shear  strength,  consolidation  characteristics,  index  properties, 
sediment  thickness,  and  compaction  characteristics  are  required  for  the  design 
of  the  foundation  for  the  proposed  bottom  installation.  With  these  measured 
data  the  foundation  and  the  structure  can  be  designed. 

For  structural  foundations,  interpretation  of  these  measured  parame¬ 
ters  must  answer  the  question:  Will  the  sediment  support  the  structural  loads 
without  producing  failure  of  the  sediment  mass  and  without  objectionable 
total  and  differential  settlement?  Information  on  several  important  founda¬ 
tion  engineering  considerations  is  required  to  answer  this  question:  (1)  the 
type  and  physical  properties  of  the  sediment,  (2)  the  type  of  structural 
foundation,  and  (3)  location  in  the  sediment  column  of  this  foundation.  The 
above  question  is  certainly  not  the  only  question  that  requires  answering  in 
any  foundation  engineering  problem.  The  data  collected  for  answering  the 
above  question,  however,  is  the  same  type  required  to  answer  other  particular 
foundation  engineering  problems,  for  example,  slope  stability.  (The  design  and 
analysis  of  foundation  systems,  for  example,  spread  footings,  mats,  raf's,  and 
piles,  are  a  subject  of  another  research  area  and  will  not  be  covered  here.) 

Although  ultimate  bearing  capacity  of  seafloor  sediment  is  of  prime 
interest  to  researchers,  its  meaning  is  often  misunderstood.  The  ultimate 
bearing  capacity  of  sediments  is  not  a  singular  value  analogous,  for  example, 
to  the  yield  strength  of  a  particular  type  of  structural  steel  (for  example, 
30,000  psi.)  The  ultimate  bearing  capacity  of  any  given  sediment  is  a  function 
of  cohesion,  angle  of  internal  friction,  density,  footing  size  and  shape,  depth 
in  the  sediment,  and  other  sediment  properties.  As  indicated  above,  in  the 
design  of  footings,  settlement  considerations  are  integrated  with  considerations 
for  ultimate  supporting  capability  of  the  sediment. 
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Several  ultimate  bearing  capacity  and  settlement  computation 
techniques  exist.  The  ultimate  bearing  capacity  is  usually  calculated  by 
Terzaghi's  equations.4  For  long  footings  at  or  below  the  sediment  surface 
under  general  shear  conditions,  the  ultimate  bearing  capacity  equation  has 
the  form 

n7 

qu  =  cNc  +  7  b  — +  7  d  Nq 

where  qu  =  ultimate  bearing  capacity 

c  =  cohesion 

7  =  sediment  unit  weight 

b  =  footing  width 

d  =  effective  overburden  depth 

Nc,  N7,  Nq  =  dimensionless  bearing  capacity  factors 

By  various  modifications  of  this  equation,  expressions  for  the  local  shear 
case  for  long  footings,  for  round  footings,  and  for  square  footings  are  derived 
to  fit  the  particular  problem  being  analyzed. 

A  method  of  computing  settlement  for  fairly  large  footings  on 
cohesive,  normally  consolidated  material  is  presented  by  Hough5  and  is 
accomplished  by  solution  of  the  equations 


TS  =  2  AHj 

i=i 

where  AH(  =  change  in  layer  thickness 
H  =  layer  thickness 
Cl  =  compression  index 

e  =  void  ratio 

Ap  =  stress  change 

p  =  initial  stress 
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TS  =  total  settlement 

n  =  number  of  layers 

It  should  be  noted  that  if  only  the  above  equations  are  used,  a  gross 
simplification  is  being  made  of  the  complex  problem  of  design  and  analysis  of 
a  foundation  system.  In  a  structure  of  significant  importance,  such  as  in  a 
manned  structure,  other  considerations  and  more  exacting  design  methods  are 
required.  For  example,  shear  and  plastic  deformations  of  the  sediment  con¬ 
tributing  to  the  settlement  of  the  structure  should  be  considered.  As  another 
example,  the  rigidity  of  the  structure  and  foundation  elements  has  a  direct 
influence  on  the  settlement  behavior.  An  analysis  to  take  this  factor  intb 
account  is  very  complex  but  may  be  necessary  where  the  safety  of  personnel 
is  of  prime  importance.  As  a  further  example,  in  granular  sediments  vibration 
effects  can  cause  compaction  of  the  sediments  to  a  relative  density  of  75%, 
and  this  could  result  in  considerable  settlement  and/or  damage  to  the  structure 
if  the  sediments  are  initially  loose. 

For  r  oncohesive  sediments,  the  serious  problem  exists  of  not  being 
able  to  obtain  a  suitable  sample  for  laboratory  testing.  Because  of  the  remote¬ 
ness  of  the  bottom  beyond  diver  depths,  the  required  in-situ  density  and  other 
values  cannot  be  measured  accurately.  Thus,  to  be  on  the  conservative  side, 
it  would  be  safer  to  assume  local  shear  failure  conditions  rather  than  general 
shear  failure  conditions  as  illustrated  by  Figure  1 ,  which  was  developed  by 

✓  c 

Vesic°  for  terrestrial  sands.  Punching  shear  will  most  likely  not  be  encoun¬ 
tered,  since  the  footing  size  will  be  relatively  large  to  minimize  settlement. 

The  sediment  thickness  and  bedding  characteristics  must  be  known 
for  each  proposed  site.  If  point-bearing  piles  are  to  be  used,  the  depth  to 
bedrock  is  required.  Bedding  characteristics  are  also  required  if  friction  piles 
are  to  be  utilized.  The  various  strata  need  to  be  delineated  to  insure  that  no 
weak  beds  exist  which  might  be  the  seat  of  settlement  or  through  which  a 
failure  plane  could  develop.  Information  on  sediment  thickness  and  bedding 
is  also  required  in  bearing  capacity  and  settlement  analysis  as  discussed  in 
previous  paragraphs. 

Data  on  the  compaction  characteristics  of  the  sediments  are  also 
required.  (The  definition  of  compaction  as  used  here  is  making  the  sediments 
more  dense  by  some  artificial  means.)  In  many  cases,  the  site  will  be  accept¬ 
able  in  respects  other  than  bearing  capacity  and  settlement.  To  improve  these 
characteristics,  compaction  of  the  sediment  may  have  to  be  undertaken. 
Although  the  techniques  of  the  compaction  of  marine  sediments  have  not 
been  developed,  compaction  appears  feasible  and  will  be  required,  particularly 
when  a  location  has  been  preselected  in  which  the  sediments  will  have  10  be 
modified  for  the  site  to  be  acceptable. 
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Relative  Density  of  Sand  (Dp) 


circular 
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rectangular 

foundations 


Figure  1.  Types  of  failure  at  different  relative  depth  (D/B)  of  foundations 
in  sand.  (From  A.  B.  Veiic.®  ©  Hi^iway  Research  Board.  Used  by 
permission.) 


Geological  Oceanographic  Parameters 


Assessment  of  the  geological  oceanographic  parameters  for  each  site 
is  required  for  evaluation  of  the  stability  of  the  site.  For  example,  the  bottom 
topography  could  reveal  important  features  that  indicate  high  currents,  slide 
debris,  slide  scarps,  or  tension  cracks  which  are  significant  to  the  stability  of 
the  structure. 

The  subbottom  geological  structure  must  be  defined  in  the  evaluation 
of  the  stability  of  a  given  site.  Such  features  as  faults,  joints,  discontinuities, 
strata,  and  depth  to  bedrock  must  be  properly  recognized  to  make  an  adequate 
evaluation  of  the  site.  As  the  number  of  these  structural  features  increases, 
the  problem  of  predicting  foundation  behavior  becomes  increasingly  more 
difficult  and  less  accurate.  In  general,  the  subbottom  features  at  each  site 
must  be  evaluated  individually.  For  example,  in  the  case  of  slopes  with  bed¬ 
ding  with  various  dips,  the  slope  with  the  beds  dipping  in  the  direction  of  the 
slope  and  with  the  beds  intersecting  the  sediment  surface  are  usually  less  stable 
than  slopes  with  beds  dipping  opposite  to  the  slope.  The  geological  structure 
should  therefore  be  considered  in  careful  detail. 
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The  sediment  type  and  composition  are  required  for  each  site  to  gain 
a  more  complete  picture  of  the  stability  of  the  site.  The  classification  of  the 
sediment  as  sand,  silt,  clay,  or  a  combination  of  these  indicates,  to  a  degree, 
the  probable  behavior  of  the  sediment  under  the  proposed  structural  loading. 

In  sands,  settlement  will  occur  with  little  or  no  lag  time  as  the  structural  load 
is  applied.  In  clays,  settlement  is  a  function  of  the  consolidation  characteristics, 
and  lag  time  may  therefore  be  considerable.  In  sands,  depending  on  relative 
densities,  spontaneous  liquefaction  could  occur  and  result  in  excessive  settle¬ 
ments  which  could  cause  structural  failures.  In  clays,  thixotropic  properties 
may  be  significant  if  sediments  are  disturbed  during  installation  or  operation 
of  the  structure. 

The  constituents  of  the  sediment  are  also  very  important  to  stability, 
as  is  illustrated  by  the  following  examples.  In  coarse-giain  sediments  with 
shells  from  plankton  and  other  biological  growths,  the  crushing  of  the  tiny 
cells  in  these  growths  will  cause  settlements  which  may  be  excessive.  In  clays, 
the  presence  of  expansive  clays  such  as  montmorillonite  or  nonexpansive 
clays  such  as  illite  may  be  significant.  Also,  the  presence  of  montmorillonite 
in  as  small  a  quantity  as  5  to  10%  changes  the  behavior  of  a  clay  radically. 

Thus,  the  constituents  of  the  sediment  must  be  determined  to  make  a  proper 
evaluation  of  the  site. 

Since  earthquakes  are  usually  associated  with  fauns  and  their  behavior, 
the  local  and  regional  fault  zones  of  each  site  should  be  established.  In  addi¬ 
tion,  the  frequency  and  magnitude  of  past  earthquakes  occurring  in  the  area 
should  be  noted  and  accounted  for  in  design.  Research  should  also  be  con¬ 
ducted  on  the  effects  of  earthquake  forces,  particularly  at  the  interfaces  of 
density  changes  (that  is,  at  sediment-water,  rock -sediment,  and  rock-water 
interfaces).  This  research  may  reveal  new  parameters  that  may  require  mea¬ 
surement  in  site  surveys. 

Sediment  transport,  as  referred  to  in  this  report,  includes  transport 
of  sediments  by  gravity  forces  and  by  currents.  Sediment  transport  by  gravity 
forces  in  the  seafloor  environment  may  include  landslides,  creep  movement, 
and  flow  slides.  Sediment  may  be  moved  in  the  water  in  several  ways  including 
by  scour  and  fill-type  water  currents  and  by  turbidity  currents.  All  of  these 
sediment  movements  may  cause  destruction  or  serious  damage  to  the  structure 
and  interfere  with  the  operational  objective  of  the  installation.  Thus,  site 
surveys  must  be  of  sufficient  accuracy  and  scope  to  adequately  collect  data 
to  assess  the  presence  or  possible  occurrence  of  these  sediment  movement 
phenomena.  An  example  of  the  necessity  of  a  precise  comprehensive  survey 
is  suggested  by  the  far-reaching  influence  of  turbidity  currents  as  indicated  by 
the  deposits  along  submarine  canyons. 
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Physical  and  Chemical  Oceanographic  Parameters 

For  design  of  the  bottom  structure  and  analysis  of  its  maintenance 
and  functional  requirements,  measurements  must  be  made  for  currents,  tem¬ 
perature,  salinity,  dissolved  oxygen,  pH,  and  hydrogen  sulfide.  The  patterns 
of  the  water  currents  at  each  site  are  required  for  design  and  stability  analysis 
of  the  structure  to  be  placed  on  the  seafloor.  The  magnitudes,  direction,  and 
average  duration  of  the  currents  are  required  to  design  for  lateral  loadings  on 
the  structure  and  on  foundation  elements.  Currents  would  generally  tend  to 
displace  laterally  and  overturn  the  structure  and  create  scour  and  fill  problems. 
Thus,  an  assessment  of  the  currents  must  be  made  for  each  site. 

Data  on  the  other  physical  and  chemical  oceanographic  parameters 
including  temperature,  salinity,  dissolved  oxygen,  pH,  and  hydrogen  sulfide 
are  required  for  designing  the  bottom  structure  and  for  making  a  proper  eval¬ 
uation  of  its  maintenance  and  operational  requirements.  The  foremost  reason 
for  measuring  these  properties  is  to  evaluate  the  corrosion  potential  of  the 
particular  site.  Knowledge  of  these  properties  together  with  various  in-situ 
test  data  7-8  will  aid  in  the  design  of  corrosion-resistant  structures  for  longer 
maintenance-free  installations.  Since  corrosion  decreases  the  safety  factor  of 
the  structural  members,  it  is  important  that  these  site  parameters  be  measured 
so  that  a  proper  design  can  be  achieved. 

The  measurement  of  these  parameters  is  also  required  to  make  an 
assessment  of  the  suitability  of  the  site  for  the  intended  purpose  of  the  bottom 
structure.  For  example,  if  the  intended  purpose  of  the  structure  is  to  conduct 
research  on  sound  velocity  characteristics,  the  site  with  the  best  physical  prop¬ 
erties  to  conduct  this  study  can  be  selected.  If  aquaculture  studies  are  the  prime 
objective  of  the  bottom  structure,  the  site  with  the  environment  most  conducive 
to  the  successful  conduct  of  these  experiments  would  be  desired.  In  addition, 
the  water  temperature  and  salinity  at  respective  pressures  are  used  in  the  correc¬ 
tion  of  the  depth  determined  by  a  sonar  technique  in  the  bathymetric  surveys. 

Biological  Oceanographic  Parameters 

Biological  characteristics  influence  marine  fouling  and  destruction, 
visibility,  and  sound  transmission  at  a  given  location.  It  has  been  shown  by 
various  researchers  (for  example,  Muraoka9'15)  that  fouling  and  destructive 
effects  of  structural  components  due  to  biological  activity  would  definitely 
be  a  problem  at  water  depths  to  6,000  feet  and,  possibly,  deeper.  Attachment 
of  large  quantities  of  fouling  organisms  on  structural  components  would  be  a 
problem  in  the  upper  few  hundred  feet  of  water.  These  fouling  effects  decrease 
with  depth;  however,  marine  borers  and  microorganisms  are  still  present  to 
cause  destruction  of  materials  associated  with  the  structure  at  greater  depths. 
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The  activities  of  these  marine  organisms  could  have  many  serious  consequences. 
For  example,  if  lumber,  manila  and  cotton  ropes,  and  other  materials  which  are 
susceptible  to  destruction  by  marine  borers  and  other  organisms  are  used,  fail¬ 
ure  of  these  elements  could  result  in  a  hazardous  situation. 

Biological  growths  in  critical  areas  of  the  structure  could  cause  problems 
leading  to  reduction  in  the  useful  life  of  the  established  structure  even  though 
the  structural  elements  were  not  damaged.  For  example,  marine  growths  on 
viewports  of  the  structure  and  on  the  front  transparent  housing  of  television 
and  still  cameras  could  interfere  with  operations  and  experiments.  As  a  fur¬ 
ther  example,  biological  growths  in  the  intake  and  exhaust  pipes  for  seawater 
would  detrimentally  affect  the  performance  of  such  systems. 

The  presence  of  planktonic  foraminifera  and  other  biological  inhabitants 
of  the  water  column  interferes  with  sound  and  light  transmission.  The  presence 
or  absence  of  these  inhabitants  greatly  affects  visibility,  expecially  in  deep 
waters  where  artificial  lights  are  required.  Sound  transmission  is  also  affected 
by  these  water-borne  plants  and  animals.  The  deep  scattering  layer  which 
occasionally  appears  on  echograms  from  surface-conducted  bathymetric  sur¬ 
veys  is  an  example  of  this  effect. 

Marine  bacteria  of  both  the  aerobic  and  anaerobic  types  when  present 
in  the  environment  of  the  structure  could  detrimentally  affect  the  structure 
and  component  parts.  Although  the  bacteria  are  small,  in  large  quantities 
they  can  create  wide-spread  damage  as  the  following  examples  illustrate. 
Sulfate-reducing  bacteria  in  an  anaerobic  environment  produce  hydrogen 
sulfide,  known  to  be  a  corrosion  agent.  Aerobic  bacteria  cause  organic  mate¬ 
rial  to  decompose.  Bacteria  are  also  the  source  of  primary  films,  which  initiate 
fouling  on  materials. 

Thus,  the  measurement  of  biological  parameters  in  site  survey  operations 
is  necessary  to  make  an  adequate  assessment  of  the  suitability  of  a  site  with 
respect  to  biological  fouling  and  other  effects, 

Surface  Phenomena 

Data  on  surface  phenomena,  including  climatological  characteristics, 
sea  states,  surface  currents,  and  tides  are  required  for  evaluation  of  specific 
sites.  Since  surface  support  will  be  used  in  the  installation,  maintenance, 
resupply,  and  possibly  emergency  rescue  associated  with  the  bottom  structure, 
the  effects  of  these  surface  phenomena  must  be  known. 

If  a  surface  power  source  is  used,  surface  effects  will  be  highly 
significant.  With  these  measured  data,  the  proper  anchor  configuration  or 
dynamic  positioning  technique  could  be  designed.  These  data  would  also 
aid  in  designing  a  specialized  platform  for  surface-support  applications. 
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SITE  SURVEY  REQUIREMENTS 


Before  any  surveys  are  conducted,  the  site  requirements  for  each 
specific  structure  must  be  defined  to  establish  the  proper  scope  of  the  survey. 
The  following  are  the  major  items  which  should  be  defined:  purpose  of  the 
installation,  operational  requirements,  size  of  structure,  location  of  structure 
(on  or  in  bottom),  and  degree  of  precision  required  in  the  survey. 

The  purpose  of  the  installation  has  to  be  known  so  that  the  proper 
site  parameters  are  measured  in  a  degree  commensurate  with  the  importance 
of  the  structure.  For  example,  the  measurement  of  the  foundation-supporting 
characteristics  for  an  unmanned  Submersible  Test  Unit  (STU)  (Figure  2)  will 
be  far  less  extensive  than  for  a  manned  underwater  structure  (a  model  of  which 
is  shown  in  Figure  3).  If  the  bottom  structure  is  for  biological  studies,  a  site 
considered  to  be  a  dead  area  similar  to  some  basins  off  of  Southern  California 
may  not  be  acceptable.  Thus,  the  purpose  of  the  bottom  structure  determines 
the  extent  and  the  type  of  survey  parameters  to  be  measured. 

The  operational  requirements  of  the  bottom  structure  influence  the 
selection  of  proposed  sites  for  survey.  For  example,  the  use  of  surface  support 
power  sources  for  a  manned  station  on  the  seafloor  requires  that  the  surface 
vessel  be  in  relatively  quiet  and  shielded  waters  (safety  considerations).  If  the 
bottom  installation  is  a  telemetering  station,  it  would  be  desirable  to  locate 
this  structure  on  a  topographic  high  where  it  can  be  monitored  over  the  widest 
area.  On  the  other  hand,  if  the  bottom  structure  is  for  defense  purposes,  it 
may  be  desirable  to  conceal  this  structure  in  a  depressed  area  on  the  seafloor 
or  possibly  in  the  bottom  sediments  or  rock.  Thus,  the  operational  require¬ 
ments  of  the  structure  should  be  defined  so  that  the  appropriate  survey  can 
be  conducted. 

The  size  of  the  structure  has  a  direct  bearing  on  the  extent  and  depth 
of  the  foundation  engineering  survey.  With  respect  to  Boussinesq's  theory  17 
of  stress  distribution  in  an  elastic,  homogeneous,  isotropic,  and  semi-infinite 
medium,  it  is  noted  that  the  "bulb  of  influence"  becomes  larger  and  extends 
deeper  as  the  footing  size  increases.  The  effect  of  this  increase  in  footing  size 
is  illustrated  in  Figure  4  in  which  isobars  of  equal  stress  intensity  are  plotted. 
For  the  same  structure  unit  loading,  it  is  seen  that  a  given  stress  isobar  is 
larger  and  extends  deeper  into  the  sediment  column  for  the  larger  footing. 

The  effect  of  this  increase  in  size  of  a  given  isobar  for  the  same  structure 
unit  loading  is  to  increase  the  total  settlement.  Figure  4  also  illustrates  the 
importance  of  investigating  deeper  into  the  sediment  column  for  larger 
structures  to  insure  that  no  weak  layer  exists  which  may  influence  the 
stability  of  the  structure.  Thus,  the  size  of  the  structure  must  be  defined 
;n  order  that  the  appropriate  survey  be  conducted, 
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Figure  2.  Submersible  Test  Unit  (STU)  used  by  NCEL  for  studying  the 

effects  of  the  deep-ocean  environment  on  construction  materials. 


Figure  3.  Model  of  a  manned  underwater  structure  developed  by 
General  Dynamics.16 
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Figure  4.  Effect  of  footing  size  on  stress  distribution  in  a  layered  soil 
system.  (From  SOIL  MECHANICS  by  A.  R.  Jumiki*,17  Copyright 
©  1962,  by  Litton  Educational  Publishing,  Inc.,  by  permission  of 
Van  Nostrand  Reinhold  Company.) 

The  location  of  the  structure  on  or  in  the  sediment  will  govern  the 
depth  to  which  the  survey  will  be  required  to  extend  and  the  type  of  para¬ 
meters  that  need  to  be  measured.  Depending  on  the  depth  requirements, 
alternative  techniques  may  have  to  be  utilized  to  assess  the  foundation  para¬ 
meters.  For  example,  for  a  small  structure  of  relatively  minor  importance, 
the  NCEL  in-situ  vane  shear  device  could  be  utilized  for  strength  measure¬ 
ments.  On  the  other  hand,  if  a  1,000-foot-long  by  100-foot-diameter 
cylindrical  structure  is  to  be  founded  on  the  seafloor,  vane  shear  type  data 
would  not  be  adequate.  In  other  cases,  the  depth  to  bedrock  may  be 
required  to  be  known.  The  location  in  the  sediment  column  of  the  structure 
also  influences  the  parameters  to  be  measured.  For  example,  lateral  loading 
on  the  structure  due  to  currents  may  be  less  important  for  structures  in 
the  bottom  sediments  than  for  structures  on  the  sediment  surface.  On  the 
other  hand,  lateral  loading  due  to  the  sediment  weight  is  of  prime  importance 
for  a  structure  in  the  sediments.  Thus  the  location  of  the  structure  in  or  on 
the  bottom  will  influence  the  survey  depth  and  the  type  of  parameters  that 
must  be  measured. 

In  general,  the  degree  of  precision  of  the  survey  is  governed  by  the 
relative  importance  of  the  structure.  For  example,  the  precision  required 
for  the  survey  for  a  manned  bottom  installation  will  be  far  greater  than  tor 
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an  unmanned  Submersible  Test  Unit  (STU),  as  discussed  previously.  Since 
the  degree  of  precision  governs  the  survey  technique  and  procedures,  this 
requirement  must  be  defined  prior  to  conducting  the  survey.  As  an  example, 
a  bathymetric  survey  conducted  with  the  LORAC  positioning  system  and  a 
Precision  Depth  Recorder  (PDR)  may  be  satisfactory  for  a  STU,  but  would 
be  inadequate  for  a  manned  bottom  comp.ex.  A  different  survey  technique 
would  be  required  for  the  latter  installation,  possibly  one  using  submersibles. 


SITE  SURVEY  PROCEDURE 

The  procedure  for  surveying  a  site  is  divided  into  two  major  categories 
or  phases;  the  preliminary  survey  phase,  and  the  detail  survey  phase.  The 
extent  to  which  each  survey  phase  is  conducted  depends  on  the  purpose  of 
the  installation,  the  operational  requirements,  the  size  of  the  structure,  and 
the  degree  of  importance  of  the  structure.  In  general,  each  phase  is  conducted 
with  a  degree  of  thoroughness  which  is  dependent  on  the  particular  installation. 

It  is  possible  that  for  a  specific  structure  the  existing  information  will  be  ade¬ 
quate  to  evaluate  and  select  the  site,  thus  obviating  the  necessity  for  further 
investigations.  In  other  cases,  the  existing  data  may  be  incomplete,  requiring 
only  specific  information  from  the  detail  survey  phase.  Figure  5  d ^gram¬ 
matically  shows  the  various  possible  routes  that  may  result  in  the  process  of 
selecting  a  site.  The  general  site  survey  procedure,  which  includes  both  the 
preliminary  and  detail  survey  phases,  will  be  discussed  in  this  section. 

In  certain  cases,  a  site  may  be  preselected,  that  is,  the  stipulation  is 
made  to  place  the  particular  structure  at  a  specific  location.  For  example, 
it  may  be  stipulated  that  the  structure  shall  be  placed  off  of  San  Clemente 
Island  in  the  vicinity  of  NOTS  Pier.  In  this  case,  the  previously  discussed 
site  survey  and  selection  procedure  does  not  apply.  Here,  the  existing  data 
are  evaluated  and  if  necessary,  a  detail  survey  is  conducted.  Regardless  of 
what  is  found  in  the  evaluation  of  the  existing  data  or  in  the  detail  survey 
phase,  the  site  "must  be  made  to  work”  for  the  structure — the  structural 
design  must  be  accommodated  to  the  constraints  of  the  site.  In  the  previously 
discussed  procedure,  the  site  that  would  work  best  for  the  particular  structure 
is  selected  after  all  the  data  have  been  evaluated. 

Preliminary  Survey 

The  preliminary  survey  phase  consists  of  searching  for  existing  information, 
personal  contacts,  and  reconnaissance  surveys.  In  the  search  for  existing  infor¬ 
mation,  data  on  the  site  parameters  including  foundation  engineering,  geological 
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oceanographic,  physical  oceanographic,  chemical  oceanographic,  biological 
oceanographic,  and  surface  phenomena  are  investigated.  To  facilitate  the 
initial  search  for  information.  Tables  A-1  to  A-8  of  Appendix  A  have  been 
prepared.  These  tables  list  possible  sources  of  specific  information  in  these 
categories. 

Table  A-1  is  a  listing  of  possible  sources  of  bathymetric  charts.  From 
these  charts,  candidate  sites  can  be  chosen  according  to  the  requirements  of 
the  particular  structure — for  example,  placement  in  a  relatively  flat  location 
or  placement  on  a  topographic  high.  Another  reason  for  investigating  existing 
bathymetric  charts  is  to  determine  if  these  bathymetric  charts  are  sufficiently 
accurate  for  the  requirements  of  the  structure  or  if  additional  data  are  required 
from  the  detail  survey  phase. 

Table  A-2  lists  possible  sources  for  underwater  photographs  that  could 
be  used  in  the  preliminary  survey  phase.  The  purpose  of  locating  and  studying 
available  photographs  is  to  determine  if  particular  sites  contemplated  for  a 
structure  are  suitable  and  if  additional  photographs  are  required  from  the 
detail  survey  phase.  A  number  of  conclusions  can  be  reached  by  studying 
these  existing  photographs.  For  example,  as  shown  in  Figure  6,  it  is  seen  that 
considerable  biological  activity  is  taking  place  at  the  sediment  surface,  thereby 
disturbing  the  upper  layers  of  the  sediments.  Placing,  leveling,  and  stabilizing 
a  structure  on  rock  outcrops  such  as  that  shown  in  Figure  7  would  be  very 
difficult;  thus  it  may  be  desirable  to  avoid  these  areas  initially.  The  lack  of 
sediments  on  the  rock  outcrop  of  Figure  8  could  be  indicative  of  high  currents 
in  the  area.  If  it  is  suspected  that  certain  local  seafloor  areas  such  as  estuarine 
outlets  (that  is,  Mississippi  River)  possess  a  uniform  gradation  from  clear  water 
to  consolidated  sediments  (that  is,  clear  water,  milky,  turbid,  colloidal,  etc.), 
photographs  could  verify  or  may  show  that  this  is  not  a  problem,  as  is  shown 
in  Figure  9  for  an  area  off  San  Diego.  Other  important  features  such  as  tension 
cracks  and  slide  debris  may  possibly  be  recorded  on  existing  photographs.  Thus, 
depending  on  the  particular  structure  to  be  founded  on  the  seafloor  and  its  site 
requirements,  existing  photographs  can  be  advantageously  interpreted. 

Sediment  samples  for  geological  and  engineering  properties  have  been 
taken  from  various  ocean-floor  sites.  Particular  information  on  specific  sites 
will  be  valuable  in  the  preliminary  survey  phase.  Possible  sources  of  this 
particular  information  are  listed  in  Table  A-3.  Although  much  information 
on  these  properties  is  being  published,  the  majority  of  the  data  have  received 
only  limited  dissemination.  It  is  necessary  that  these  data  be  searched  out  to 
determine  if  additional  data  are  required  for  these  properties  in  the  detail  sur¬ 
vey  phase. 


15 


Figure  9.  The  presence  of  a  discrete  separation  between  sediment 
and  water  is  shown  in  this  photograph  of  the  seafloor 
off  the  Coronado  Bank. 
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To  aid  in  the  search  and  location  of  the  data  pertinent  to  a  specific 
site  under  investigation,  a  listing  of  possible  sources  of  oceanographic  data 
has  been  prepared  and  is  presented  as  Table  A-4.  Information,  such  as  that 
shown  in  Figure  10,  is  collected  as  background  information  for  various  experi¬ 
ments.  Often,  these  data  are  not  published.  In  many  cases,  the  existing  data 
are  sufficient  for  placement  of  a  particular  structure.  In  other  cases,  only 
supplemental  measurements  may  be  required  in  the  detail  survey  phase. 

Much  information  of  scientific  interest  in  the  areas  of  geological  and 
biological  characteristics  can  be  found  in  various  publications.  Data  obtained 
for  oil  exploration  or  other  engineering-oriented  services,  however,  are  usually 
not  published.  As  an  example  of  published  information,  during  the  period 
June-July  1967,  Geotech18  conducted  a  continuous  seismic  reflection  survey 
from  Trinidad  to  South  Africa  over  a  route  totaling  7, COO  miles.  It  is  probable 
that  if  the  profile  includes  areas  of  interest  for  a  particular  structure,  the 
records  could  be  purchased.  Existing  geological  and  biological  data  may  also 
be  available  for  other  specific  areas  of  interest.  To  facilitate  the  search  for 
this  data,  Table  A-5  for  geological  properties  and  Table  A -6  for  biological 
properties  have  been  prepared. 

Weather  information  is  collected  daily  at  various  locations  throughout 
the  world  and  is  generally  available.  The  data  on  surface  effects  resulting  from 
the  influences  of  the  weather,  however,  may  not  be  readily  available.  To 
facilitate  the  search  for  this  information  on  weather  and  surface  effects,  a 
listing  of  possible  sources  for  these  data  has  been  prepared  and  is  presented 
as  Table  A-7. 

Contained  in  Table  A-8  is  a  listing  of  possible  sources  for  information 
on  earthquakes  and  earthquake  effects.  Information  such  as  shown  in  Figure  1 1, 
which  is  a  plot  of  earthquake  epicenters  occurring  in  the  Southern  California 
offshore  area,  is  available  for  various  oceanic  regions.  This  information,  in 
addition  to  being  required  for  design  of  the  structure,  could  be  one  of  the 
controlling  factors  in  the  selection  of  candidate  sites.  Since  it  is  not  possible 
to  gain  epicenter  location  and  other  data  on  earthquake  effects  in  the  detail 
survey  phase,  it  is  necessary  to  rely  chiefly  on  available  historial  information. 
Thus,  the  search  for  this  information  must  be  made  in  the  preliminary  survey 
phase. 

Investigation  of  existing  information  is  essential.  In  general,  the 
purpose  of  locating  these  existing  data  is  twofold:  ( 1 )  to  determine  if  exis¬ 
ting  data  are  adequate  for  selecting  a  site  and  placement  of  the  structure, 
and  (2)  if  not,  to  determine  which  parameters  require  assessment  in  the 
detail  survey  phase. 


Figure  1 1 .  Epicenter  locations  off  Southern  California  of  earthquakes 
of  magnitude  4.0  and  greater  on  the  Richter  Scale  occurring 
between  1934  and  1961.  (Data  from  California  State  Department 
of  Water  Resources,  1964.) 


Personal  contacts  should  be  made  to  acquire  existing  information  on 
sites  and  determine  ongoing  or  planned  activities.  These  contacts  may  dictate 
whether  a  site  will  be  available  for  use.  As  an  example,  in  the  conduct  of  the 
initial  phases  of  the  preliminary  site  survey  for  ocean  construction  experiments,19 
it  was  learned  through  personal  contacts  that  the  sites  immediately  south  of  the 
Channel  Islands  (off  Port  Hueneme)  could  not  be  used  for  bottom  stations 
because  the  operations  of  the  Pacific  Missile  Range  would  be  inhibited  by  the 
presence  of  the  bottom  station  and  surface  support  activity.  Thus,  personal 
contacts  should  be  made  prior  to  conducting  a  reconnaissance  survey. 

In  the  event  that  the  existing  information  is  insufficient  for  placement 
of  the  particular  structure  and  information  from  personal  contacts  is  favorable, 
a  reconnaissance  survey  is  then  conducted  to  locate  specific  candidate  sites. 

The  data  collected  from  this  survey  are  then  evaluated  and  a  particular  site  is 
selected  for  detail  investigations  in  the  next  phase  commensurate  with  the 
requirements  for  the  particular  bottom  installation. 

Detail  Survey 

In  this  survey,  the  site  selected  in  the  preliminary  survey  phase  is 
subjected  to  detailed  investigations.  Those  parameters  for  which  there  are 
sufficient  existing  data  need  not  be  reassessed;  the  quantities  that  lack  suffi¬ 
cient  information,  however,  must  be  evaluated  in  this  survey.  In  general, 
only  those  parameters  significant  to  the  particular  bottom  station  need  be 
measured.  Once  the  requirements  of  the  structure  are  known,  the  field  sur¬ 
vey  can  be  initiated,  using  the  appropriate  combination  of  survey  gear  presented 
in  the  next  section. 

Presently,  there  are  two  methods  that  could  be  used  to  assess  the 
foundation  engineering  parameters.  The  first  method  is  to  secure  core  samples 
from  the  site  using  appropriate  techniques  and  subjecting  these  samples  to 
applicable  tests.  To  obtain  samples  of  minimum  disturbance  for  these  tests, 
the  optimum  corer  dimensions  described  by  Hvorslev20  should  be  used.  These 
are  as  follows: 
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where  the  dimensions  are  as  shown  in  Figure  12.  In  addition,  for  samples  of 
inside  diameter  of  2  to  3  inches,  the  length  to  diameter  ratio  (L/D)  for  stiff  to 
very  soft  cohesive  soils  should  be  in  the  range 

—  =  10  to  20 


As  suggested  by  Hvorslev,  the  above  values  are  tentative. 

The  length  to  diameter  ratio 
limitation  requires  that  incremen¬ 


tal  sampling  techniques  be  used. 
This  has  also  been  concluded  by 
Richards  and  Parker21  in  their 
study  of  core  sampling  for  shear 
strength  measurements.  They 
concluded  that  for  good-quality 
samples  from  sediment  depths 
of  30  to  60  feet,  this  technique 
is  the  only  feasible  method. 

The  number,  locations,  and 
lengths  of  cores  that  should  be 
obtained  in  the  detail  survey  are 
questions  that  arise  prior  to  each 
survey.  Tentative  guidelines 
(dependent  on  the  requirements 
of  the  structure,  the  geographical 
location  of  the  site,  and  charac¬ 
teristics  of  the  site)  could  be  set 
for  these  quantities,  but  the  final 
decision  should  be  based  on  one's 
own  engineering  judgement.  The 
number  and  locations  of  cores  to 


Figure  12.  Dimensions  of  corer  for  use  in  be  *a^en  are  functions  of  the 
computing  area,  inside,  and  importance  and  the  size  of  the 

outside  ratios.  structure.  For  example,  NCE  L'S 

Submersible  Test  Units  could  be 


placed  with  a  fair  degree  of  confi¬ 
dence  on  the  basis  of  one  core 
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sample  (if  NCEL  possessed  the  capability  to  place  the  structure  in  the  exact 
location  from  which  the  core  was  taken).  On  the  other  hand,  a  30  x  30- foot 
manned  structure  may  require  a  minimum  of  three  undisturbed  cores:  one 
at  two  diagonal  corners  and  one  in  the  center.  The  sample  from  each  location 
should  represent  the  sediment  column  to  a  depth  approximately  equal  to  the 
minimum  overall  lateral  dimension  of  the  foundation  system. 

The  core  samples  obtained  in  accordance  with  the  above  techniques 
are  then  subjected  to  laboratory  tests  as  prescribed  by  ASTM  procedures  for 
testing  soils.22  Some  tests  are  modified  to  accommodate  seafloor  sediments. 

A  few  of  these  modified  tests,  examples  of  engineering  properties  data,  and 
results  of  the  site  survey  for  the  STU  II  series  are  presented  by  Hironaka.23 
The  type  of  tests  to  be  conducted  depends  on  the  requirements  of  the  struc¬ 
ture  and  on  the  consistency  of  the  samples.  The  desired  data  are  strength, 
consolidation,  and  other  index  properties  that  will  be  used  in  design  and  to 
evaluate  the  foundation-supporting  capability  of  the  sediment. 

This  first  method  for  assessing  the  foundation  engineering  parameters 
also  includes  investigation  of  bedrock  by  core  drilling  for  samples.  Obtaining 
rock  core  samples  from  deep  water  is  within  sampling  capabilities  as  has  been 
demonstrated  by  the  Project  MOHOLE  and  JOIDES  operations.  Samples 
obtained  in  this  manner  are  then  subjected  to  laboratory  tests  as  prescribed 
by  ASTM  procedures.24,25  In  addition  to  evaluating  the  strength  character¬ 
istics  and  other  properties  of  the  samples,  the  location  of  bedrock  below  the 
sediment  surface  can  be  defined  in  the  core  drilling  process.  This  investigation 
would  be  required  in  the  event  that  p'lesor  other  foundation  systems  are  to 
be  placed  on  bedrock. 

The  second  method  for  assessing  the  foundation  engineering  parameters 
that  is  being  developed  consists  of  in-situ  measurement  techniques.  Although 
presently  limited  to  sediment  thicknesses  of  about  10  feet,  some  of  these 
techniques  may  soon  be  capable  of  evaluating  the  sediment  column  to  a  depth 
of  100  feet.  NCEL  now  has  a  vane  shear  device,  a  cone  penetrometer  device, 
a  plate  bearing  device,  and  long-term  settlement  devices  (LOBSTERs).  (These 
deviceswill  be  discussed  in  detail  in  a  later  section.)  Richards  has  also  developed 
in-situ  test  devices,55  including  a  vane  shear  probe,  a  gamma  ray  density  probe, 
and  a  pore  pressure  probe.  The  Naval  Oceanographic  Office  has  also  used  a 
density  probe.  NCEL  is  currently  conducting  research  to  provide  design  infor¬ 
mation  for  a  probe  to  measure  sediment  water  content  by  nuclear  methods. 

The  geological  characteristics  can  be  determined  by  the  combination 
of  core  samples,  seismic  and  magnetic  surveys,  accurate  bathymetric  charts, 
bottom  photographs,  and  visual  observation  from  submersibles.  The  require¬ 
ments  of  the  structure  will  govern  the  thoroughness  required  for  the  survey. 

In  such  a  survey,  it  is  desired  to  locate  weak  sublayers,  indications  of  mass 
movements  (creep,  slides,  turbidity  currents),  tension  cracks  on  slopes,  faults, 
and  other  features  which  may  influence  the  stability  of  the  structure. 
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The  physical  oceanographic  parameters  that  will  be  required  from  a 
detail  survey  will  generally  include  those  properties  which  affect  corrosion 
of  materials  and  the  stability  of  the  structure.  For  corrosion,  the  physical 
and  chemical  properties  indicated  earlier  will  have  to  be  evaluated.  The 
laboratory  procedures  to  measure  these  properties  are  well  established.  A 
few  in-situ  measuring  instruments,  however,  are  currently  on  the  market 
that  will  accurately  and  rapidly  measure  some  of  the  required  properties. 

In  particular,  the  salinity,  temperature,  and  depth  (STD)  probe  has  proven 
to  be  superior  to  conventional  methods  because  of  the  capability  of  obtaining 
continuous  profiles  of  the  water  column.  The  initial  cost  of  such  probes  is 
high,  but  this  investment  is  quickly  recovered  as  illustrated  in  Figure  13, 
which  shows  the  results  of  the  cost  comparison  study  which  was  made  for 
the  classical  water  bottle  technique  used  by  NCEL  as  compared  to  the  in-situ 
probe  technique.  Other  techniques  are  indicated  in  the  next  section. 


Number  of  Stations 


Figure  13.  Comparison  of  sampling  costs  for  classical  water  bottle  method 
and  in-situ  STD  probe  for  stations  with  3,000-foot  water  depths. 
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With  respect  to  the  stability  of  the  structure,  water  currents  are  the 
most  important  physical  oceanographic  measurement.  It  is  necessary  to 
monitor  currents  because  of  the  possible  effects  of  the  forces  associated  with 
currents  on  scour  (erosion)  and  fill  of  sediments  and  on  the  contributing  effect 
of  currents  on  overturning  moments,  which  directly  influence  the  stress  distri¬ 
bution  pattern  on  the  foundation  supporting  medium.  In  general,  scour  and 
fill  will  not  be  much  of  a  problem  in  the  deep-ocean  areas  because  of  the 
relatively  small  current  magnitudes  that  will  be  encountered  there.  For 
example,  the  average  current  of  0.1  knot  (« 5  cm/sec)  reported  for  one  of 
NCEL's  STU  sites  would  have  a  negligible  effect  on  scour,  as  is  shown  in 
Figure  14  (after  Hjulstrom26).  The  effect  of  this  current  on  the  overturning 
moments  of  the  structure,  however,  could  be  very  significant,  depending  on 
structure  characteristics.  Thus,  the  magnitude  and  direction  of  the  predomi¬ 
nant  currents  will  have  to  be  evaluated  using  instruments  listed  in  the  next 
section. 

The  biological  oceanographic  parameters  that  should  be  assessed  in 
the  detail  survey  phase  are  those  responsible  for  visibility,  fouling  and  bio¬ 
deterioration  of  engineering  materials.  Since  the  procedures  to  evaluate  these 
quantities  are  not  well  established,  it  is  difficult  to  generalize  on  the  technique 
for  site  survey  for  all  water  depth  locations.  Presently,  the  techniques  used  to 
assess  these  effects  include  water  sampling,  trawling,  and  exposure  of  material 
specimens  to  the  biological  environment.  It  is  believed  that  more  rapid  tech¬ 
niques  could  be  developed  that  could  be  applied  to  site  surveys.  Research9'16 
in  this  area,  however,  is  being  conducted  to  determine  those  biological  elements 
which  are  responsible  for  fouling  and  biodeterioration.  The  results  of  this 
research  could  lead  to  the  techniques  that  could  be  used  to  evaluate  the  biolog¬ 
ical  characteristics  of  each  site  in  detail  surveys. 

Biological  effects  resulting  from  animal  behavior  are  beyond  the  scope 
of  this  report.  These  effects,  however,  may  be  very  significant  to  seafloor 
structures  and  their  servicing  vehicles.  One  example  of  unpredictable  animal 
behavior  is  the  well-publicized  encounter  between  a  200-pound  swordfish 
and  the  submersible  Alvin  at  a  depth  of  1 ,809  feet,27  Fortunately,  in  this 
encounter  none  of  the  submersible  occupants  were  injured  and  the  submersible 
was  not  damaged.  Another  incident  involving  a  swordfish  is  described  in 
Reference  28.  In  this  instance  a  300  pounder  attacked  a  polypropylene  rope 
at  a  depth  of  1,000  feet  and  became  trapped  with  its  bill  wedged  between  the 
strands  of  this  rope.  If  this  rope  had  been  an  umbilical  power  supply  line  to 
a  manned  bottom  structure,  as  an  example,  the  effects  could  have  been 
disastrous.  Other  marine  animals  such  as  whales,  sharks,  and  squid  may  have 
caused  damages  to  lines  and  cables.28 
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Mean  Velocity  (cm/sed 


Particle  Size  (mm) 

Figure  14.  Erosion  and  deposition  of  various  particle  sizes  as  a  function  of 
mean  water  velocity,  (From  "Transportation  of  Detritus  by  Moving 
Water,"  by  F.  Hjulstrom,  in  Recent  Marine  Sediments.  ©  Society  of 
Economic  Paleontologists  and  Mineralogists,  1 955.  Used  by  permission.) 

The  measurement  of  surface  phenomena  is  routine  and  therefore 
needs  no  elaboration  here.  The  U.  S.  Weather  Bureau  has  standard  procedures 
for  measuring  those  meteorological  parameters  of  interest  in  site  surveys.  The 
Weather  Bureau  also  collects  data  for  numerous  locations  from  permanent 
weather  stations  and  from  weather  satellites.  Forecasting  techniques  are  also 
available.  Sea  surface  parameters  measured  with  buoy  systems  are  applicable 
to  detail  site  surveys  for  structures. 


MEASUREMENT  OF  PARAMETERS 

To  conduct  site  surveys  for  ocean  floor  structures,  specialized 
equipment,  vessels,  and  submersibles  are  required.  A  listing,  therefore, 
has  been  prepared  to  facilitate  selection  of  equipment  for  site  surveying 
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for  specific  structures,  Since  the  field  of  oceanography  is  rapidly  expanding, 
listings  such  as  those  prepared  for  this  report  soon  become  outdated.  However, 
these  listings  are  still  useful  for  most  structures  currently  being  proposed  for 
emplacement  at  various  ocean  floor  sites. 

Tables  B-1  to  B-9  of  Appendix  B  list  the  various  instruments  that  are 
available  to  assess  the  parameters  required  in  site  surveys.  These  tables  are 
organized  in  the  following  categories: 

positioning  systems 
core  samplers 
subbottom  profilers 
grab  and  dredge  samplers 
geological  oceanographic  systems 
physical  oceanographic  systems 
biological  oceanographic  samplers 
underwater  cameras  and  lights 

These  listings  include  the  instruments  on  which  information  could  be  obtained 
from  various  manufacturers,  distributors,  and  advertisements  in  periodicals. 

Several  instrument  systems  do  not  fall  into  such  convenient  groups. 
These  instruments  are  used  to  assess  the  foundation  supporting  characteristics. 
Since  this  is  the  most  important  area  of  site  selection  and  survey,  comprising 
approximately  80%  of  the  effort,29  these  instruments  will  be  discussed  first 
followed  by  the  other  items  in  the  tables.  The  in-situ  vane  shear,  cone  pene¬ 
trometer,  plate  bearing,  long-term  settlement  devices,  the  Deep  Ocean  Test 
Instrument  Placement  and  Observation  System  (DOTIPOS),  and  in-situ  sedi¬ 
ment  density— water  content  probe  will  be  discussed. 

DOTIPOS  System 

The  Deep  Ocean  Test  Instrument  Placement  and  Observation  System 
(DOTIPOS)  shown  in  Figure  15  has  been  designed  for  use  in  various  seafloor 
project  applications.  It  is  approximately  18  feet  high,  18  feet  square,  and 
weighs  approximately  6,000  pounds  in  air  and  2,500  pounds  in  seawater. 
Appurtenant  parts  to  this  device  include  a  traction  winch,  diesel  power  unit, 
coaxial  cable  stowage  drum,  and  an  instrument  van.  The  multiconductor 
coaxial  armored  cable,  in  addition  to  supporting  the  load,  provides  up  to 
15  kw  of  electrical  power  for  use  by  various  project  in-situ  test  sensors  and 
the  TV  monitoring  system.  The  DOTIPOS  is  presently  equipped  for  in-situ 
vane  shear  and  cone  penetrometer  tests.  Provisions  have  also  been  made  for 
installing  the  long-term  settlement  devices  with  this  system. 
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Figure  15.  Deep  Ocean  Test  Instrument  Placement  and  Observation 
System  {DOTIPOS)  used  in  in-situ  vane  shear  and  cone 
penetrometer  tests  and  in  installing  LOBSTERs. 


In-Situ  Vane  Shear  Device 

The  in-situ  vane  shear  device30  is  capable  of  testing  cohesive  seailoor 
sediments  in  water  depths  to  6,000  feet  and  to  sediment  depths  of  10  feet. 
This  device  is  operated  in  conjunction  with  NCEL's  DOTIPOS  (Figure  15) 
as  discussed  earlier.  Four-bladed  vanes  of  various  sizes  ranging  from  2  x  4  to 
4x8  inches  have  been  designed,  the  size  to  be  used  depending  on  the  expected 
sediment  strength  range  for  a  site.  Sediments  with  shearing  strengths  up  to 
approximately  10  psi  can  be  tested  with  this  device.  Both  initial  and  remolded 
sediment  strengths  can  be  assessed  at  selected  sediment  depth  increments  to 
10  feet.  A  rotational  speed  of  one  revolution  per  hour  is  used  for  both  tests. 
Remolding  is  performed  at  a  rate  of  10  revolutions  per  minute. 

The  test  data  are  telemetered  in  analog  form  ro  the  surface-support 
vessel  through  a  combined  coaxial  load-handling  and  electrical  cable.  With 
the  present  system,  these  data  are  recorded  on  an  oscillograph.  A  represen¬ 
tation  of  the  recorded  field  data  is  shown  in  Figure  16.  The  quantities 
recorded  include  penetration  resistance,  vertical  position  of  the  vane,  torque, 
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and  rotational  displacement  of  the  vane.  A  series  of  traces  such  as  that  shown 
in  the  facsimile  will  comprise  all  the  test  data  for  one  location  to  a  10-foot 
depth  in  the  sediment. 

The  collected  field  data  are  reduced  on  the  basis  of  the  usual 
assumption17  of  the  shear  stress  distribution  around  a  vane.  A  typical  peak- 
shear-stress-versus-sediment-depth  plot  is  shown  in  Figure  17,  which  represents 
the  strength  profile  at  a  particular  location  in  the  waters  off  the  Southern  Calif¬ 
ornia  coast. 

This  vane  shear  device  is  considered  primarily  a  tool  for  performing 
research  on  seafloor  sediments  for  the  purpose  of  determining  the  relation¬ 
ship  between  laboratory-measured  values  and  in-situ-measured  values  of 
strength. 

In-Situ  Cone  Penetrometer  Device 

The  in-situ  cone  penetrometer  device31  is  used  also  with  the  DOTIPOS 
to  conduct  static  cone  penetration  tests  in  sediments.  The  depth  capabilities 
of  this  device  are  the  same  as  for  the  vane  shear  device.  The  conversion  from 
the  vane  shear  mode  to  the  penetrometer  mode  is  accomplished  simply  by 
replacing  the  vane  with  the  cone  penetrometer.  The  cone  being  used  has  a 
90-degree  apex  angle,  a  diameter  of  2.256  inches  (4  square  inches  projected 
area),  and  a  height  of  1.625  inches. 

In  testing  with  ihis  device,  the  cone  is  pushed  into  the  sediment  at  a 
constant  displacement  rate  of  10  inches  per  minute.  During  penetration,  the 
force  to  drive  the  cone  into  the  sediment  and  the  depth  of  penetration  are 
continuously  recorded  on  deck  through  the  same  system  as  for  the  vane  shear 
device.  An  example  of  the  type  of  data  obtained  from  reduction  of  the  records 
is  shown  in  Figure  18,  which  is  a  plot  of  penetration  resistance  versus  depth  in 
the  sediment. 

The  static  cone  penetrometer  test  results  can  be  related  to  the  peak 
shearing  strength  of  the  sediments.  This  relationship  has  to  be  evaluated  for 
marine  sediments  before  the  full  meaning  of  the  penetrometer  test  values 
can  be  understood  and  utilized. 

The  penetrometer  test  has  advantages  over  the  vane  shear  test  in 
determining  sediment  strength  properties.  The  penetrometer  has  the  capa¬ 
bility  of  performing  tests  more  rapidly  than  the  vane  shear  device.  It  also 
produces  a  continuous  profile  of  strength  with  depth  rather  than  at  discrete 
depths  as  obtained  by  the  vane  shear.  The  vane  shear,  however,  has  the 
capability  of  testing  remolded  sediments,  the  strengths  of  which  will  be  a 
controlling  factor  for  many  ocean  construction  projects  and  operations. 
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Figure  16.  Representation  of  an  oicillofraph  record  from  a  vane  shear 
test. 

In-Situ  Plate  Bearing  Device 

The  in-situ  plate  bearing  device32,33  shown  in  Figure  19  is  used  to 
assess  the  short-term  bearing  pressure— settlement  response  of  the  near-surface 
sediments.  The  device  consists  of  a  movable  weight  to  which  various  sized 
plates  are  attached.  The  movable  weight  is  supported  by  three  hydraulic 
cylinders,  which  are  metered  to  control  the  vertical  displacement  rate.  The 
plates  can  be  subjected  to  a  maximum  displacement  of  1 1  inches.  A  tripod 
framework,  used  to  guide  the  movable  weight  and  support  associated  equip¬ 
ment,  is  in  turn  connected  to  three  articulated  bearing  pads.  The  equipment 
has  the  capability  to  accommodate  plate  sizes  up  to  18  inches  in  diameter 
and  can  apply  a  total  plate  load  of  6,000  pounds.  The  force  acting  on  the 
plate  during  a  test  is  monitored  by  a  pressure-equalized  electronic  load 
transducer.  Plate  settlement  is  monitored  by  a  linear  potentiometer.  The 
present  depth  limitation  of  the  device  is  1 2,000  feet — the  limit  of  the 
pressure  housing  for  the  acoustic  telemetry  system. 
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Figure  17.  Peak  shear  stress  versus  depth  determined  from  in-situ  vane 
shear  tests  in  a  cohesive  sediment  off  Pitas  Point,  California. 


The  acoustic  telemetry  system  is  used  to  transmit  the  test  data  to  the 
support  vessel,  therefore,  only  a  load-handling  line  is  required  from  the  vessel 
to  this  device.  The  transmitted  data,  in  analog  form,  are  monitored  by  a 
hydrophone  receiver  aboard  the  surface  vessel,  where  signal  conditioning  and 
recording  equipment  are  also  located.  Figure  20  is  a  representation  of  an 
oscillograph  record  which  shows  the  quantities  recorded  for  each  test.  Included 
in  this  oscillograph  record  are  the  measurements  for  load,  displacement,  and 
attitude  of  the  device  at  corresponding  times.  An  example  of  the  data  obtained 
from  these  records  is  shown  in  Figure  21,  which  presents  load-settlement 
curves  for  various  plate  diameters  for  sediments  in  6,000  feet  of  water  off 
San  Miguel  Island. 

The  device  is  primarily  a  research  tool  being  used  to  investigate  the 
short-term  bearing  pressure-settlement  response  of  a  variety  of  marine  sedi¬ 
ments,  initial  studies  of  which  have  been  reported  by  Kretschmer.33  The 
relation  between  the  laboratory-measured  properties  of  the  sediments  and 
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their  response  to  footing  loads  as  measured  by  the  plate  bearing  device  is 
being  studied  to  enable  the  prediction  of  the  short-term  bearing  pressure- 
settlemert  response  for  a  proposed  foundation  on  the  basis  of  laboratory 
tests  on  core  samples. 


Long-Term  Settlement  Device 
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Penetration  Resistance  (psi)  Structures  founded  on  soft 

cohesive  sediments  typical  of  the 
deep-ocean  areas  will  be  subject 
to  large  long-term  settlements 
resulting  from  consolidation  of 
the  underlying  sediment  layers. 
Such  foundations  can  be  designed 
for  these  large  total  and  differen¬ 
tial  settlements  or  they  can  be 
designed  to  minimize  these  settle¬ 
ments  by  proper  load  distribution. 
Such  designs  require  a  knowledge 
of  the  in-situ  sediment  properties 
affecting  long-term  foundation 
settlement.  These  properties  may 
be  obtained  from  laboratory  tests 
on  core  samples;  however,  the 
effects  of  core  disturbance  make 
it  preferable  to  measure  some  of 
the  more  critical  properties  in  situ. 

The  LOBSTER34  (Long-Term  Ocean  Bottom  Settlement  Test  for 
Engineering  Research),  a  schematic  of  which  is  shown  in  Figure  22,  is  an  in-situ 
test  system  designed  to  evaluate  those  sediment  properties  which  control  long¬ 
term  foundation  settlement.  The  overall  diameter  of  the  device  is  6  feet.  It 
is  designed  to  be  a  large  model  footing  capable  of  applying  a  low  bearing 
pressure  (approximately  1 00  psf  over  an  area  which  has  a  diameter  of  4  feet) 
to  the  seafloor.  The  resulting  settlement  is  measured  relative  to  an  isolated 
reference  system  founded  deep  in  the  sediment  beneath  the  footing.  The 
settlement  data  including  total  settlement  and  differential  settlement  (foun¬ 
dation  tilting)  are  monitored  and  recorded  hourly  on  highly  sensitive  and 
accurate  digital  tape  systems  housed  within  instrument  capsules  attached  to 
the  footing  as  shown  in  the  figure.  The  LOBSTER  has  the  capability  of 
measuring  total  settlements  as  great  as  36  inches  and  foundation  tilting  as 
great  as  15  degrees. 


Figure  18.  Static  cone  penetration  resistance 
versus  depth  for  cohesive  sedi¬ 
ments  located  off  Pitas  Point, 
California. 
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Figure  19.  In-situ  plate  bearing  device  for  assessing  short-term  bearing 
pressure  settlement  response  of  near-surface  sediments. 
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Figure  20.  Representation  of  an  oscillograph  record  from  a  plate 
bearing  test. 
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Figure  22.  In-situ  long-term  settlement  test  device— LOBSTER. 


The  footing  with  attached  instrumentation  and  the  reference  system 
will  be  installed  on  the  seafloor  in  water  depths  to  6,000  feet  with  the 
DOTIPOS.  Once  the  installation  procedure  is  completed  and  the  DOTIPOS 
removed,  the  LOBSTER  continues  its  mission  for  a  preselected  duration  of 
up  to  1  year. 

At  the  end  of  the  preselected  duration  of  the  test  or  upon  special 
acoustic  command,  the  instrumentation  capsules  with  attached  relocation 
and  recovery  aids  are  released  from  the  footing  and  brought  to  the  surface 
by  the  floatation  system.  The  digital  tapes  are  then  removed  and  the  data 
reduced  and  analyzed.  An  example  of  the  type  of  information  to  be  obtained 
with  this  device  is  shown  in  Figure  23,  which  represents  the  results  of  a 
shallow-water  system  checkout  in  Mugu  Lagoon.  The  instrumentation  and 
recovery  system,  after  overhaul  and  checkout,  is  fitted  with  another  expend¬ 
able  concrete  footing  and  reference  system  for  installation  in  another  site. 

Data  obtained  from  the  deployment  of  a  LOBSTER  at  the  site  of  a 
proposed  structure  would  be  used  in  the  design  of  the  prototype  foundation. 
Extrapolations  may  be  made  from  the  observed  performance  of  the  LOBSTER 
footing  to  predict  the  performance  of  the  larger  prototype  foundation. 
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Differential  Settlement  (inch) 


Figure  23.  Example  of  results  from  a  long-term  settlement  test 
(in  Mugu  lagoon  sediments). 


In-Situ  Sediment  Density-Water  Content  Probe 

A  device  to  measure  sediment  density  and  water  content  is  being 
considered  for  development  by  NCEL.  It  is  contemplated  to  design  this 
device  for  a  1 0-foot  sediment  penetration  initially.  With  the  capability  of 
rapid  in-situ  determinations,  this  tool  will  be  useful  in  site  survey  and  selec¬ 
tion  procedures.  It  is  anticipated  to  use  the  collected  results  from  this  device 
combined  with  the  other  in-situ  tests  for  the  design  and  analysis  of  small 
structures  and  footings  (<  10  feet  square). 

Corers 


Oceanographic  corers  have  been  the  primary  tool  for  retrieving 
sediment  samples  for  engineering  and  geological  analysis.  Several  types  of 
these  corers  and  other  samplers  with  respective  manufacturers  are  listed  in 
Table  B-1.  Corers  commonly  used  include  the  Kullenberg,  Ewing,  and  other 
miscellaneous  types  such  as  the  Phleger  and  free-fall  corer  (Boomerang  and 
Moore  Free  Fall).  With  the  objective  of  decreasing  sample  disturbance  by 
attempting  to  fulfill  criteria  for  corers  suggested  by  Hvorslev,20  several 
corers  have  been  developed  including  the  Hydroplastic  by  Richards  and 
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Keller35  and  the  Sigma  by  Inderbitzen.36  These  corers  have  the  desirable 
feature  of  a  larger  diameter  than  the  others,  but  the  flexibility  of  the  plastic 
core  barrel  prevents  their  taking  long  samples.  The  study  of  coring  techniques 
foi  engineering  purposes  performed  by  Richards  and  Parker21  will  aid  in  the 
selection  of  corer  type  for  use  in  a  given  application. 

Corers  using  driving  techniques  other  than  gravity  also  have  been 
developed.  Gas-propelled  corers  include  the  Gas  Operated  Sea  Floor  Sampler37 
and  the  Free  Fall  Rocket  Corer.38  The  DIVCOR  developed  by  DIVCON,  Inc. 
of  Flouston  uses  a  bottom-sitting  platform  with  a  drilling  technique  to  penetrate 
the  sediment.  This  device  has  a  600-foot  water  depth  limitation  at  the  present 
time.  Corers  utilizing  vibratory  action  as  a  driving  means  include  the  VIBRO- 
CORE39  and  the  VIBRA-CORER  40 

From  studying  the  capabilities  of  present  equipment,  it  is  concluded 
that  a  new  coring  system  is  required.  The  new  system  should  utilize  a  bottom 
sitting  platform  to  enable  taking  incremental  samples  of  the  sediment  column 
and  should  be  capable  of  deeper  penetration  of  the  sediments  than  is  now 
attainable  with  gravity-driven  samplers.  This  sampler  also  should  be  capable 
of  functioning  in  the  deep  ocean.  Accordingly,  NCEL  is  developing  such  a 
corer  system  based  on  an  automated  drill  rig  concept. 

The  development  of  the  NCEL  automated  drill  rig  corer  is  currently 
in  the  final  design  stage.  When  completed,  the  corer  will  have  the  capability 
to  take  relatively  undisturbed  incremental  samples  3  inches  in  diameter  and 
5  feet  long  from  sediment  depths  to  50  feet  in  water  depths  to  6,000  feet. 

The  corer  will  be  capable  of  sampling  primarily  cohesive  sediments.  The 
coring  system  will  be  composed  of  the  submersible  automated  drill  rig  which 
will  rest  on  the  seafloor  during  sampling  operations,  a  coaxial  load/power 
cable,  winch,  power  supply,  and  a  control  console. 

Positioning  Systems 

The  techniques  used  for  determining  positions  at  sea  include  electronic, 
acoustic,  laser,  and  visual  systems.  Each  system  has  its  particular  applications 
and  limitations.  The  most  commonly  used  technique  is  the  electronic.  The 
laser  and  visual  systems  are  limited  to  line-of -sight  surveys;  thus,  applications 
are  limited  to  near-shore  areas.  Instruments  using  these  techniques  will  now 
be  discussed. 

Table  3-2  is  a  listing  of  electronic  positioning  systems  that  may  be 
suitable  for  use  in  a  particular  survey  problem.  This  listing  is  based  on  the 
information  presented  by  Ferrara41  in  his  report  on  electronic  positioning 
systems  for  surveyors.  As  indicated  in  this  table,  there  are  some  limitations 
to  each  of  the  systems.  Differences  in  atmospheric  conditions  at  different 
times  cause  errors  in  observed  positions.  Intervening  land  and  objects  interfere 
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with  transmitted  signals.  Additionally,  as  indicated  by  Bigelow42  and  by 
SEISCOR,43  instrument  errors,  signal  propagation  errors,  and  operator  errors 
also  affect  the  repeatability  of  readings.  In  general,  most  of  the  indicated 
electronic  systems  are  not  satisfactory  for  engineering  surveys.  However, 
the  systems  utilizing  land-based  triangulation  survey  techniques  may  be 
satisfactory  for  structures  of  minor  importance.  These  systems  are  limited 
to  line-of-sight  areas. 

The  use  of  a  satellite  system  appears  to  be  very  promising  for 
navigation  in  open  ocean  areas.  It  can  be  used  for  navigating  to  some  pre¬ 
selected  general  site,  which  can  then  be  precisely  surveyed  utilizing  a  locally 
more  accurate  and  relative  means  of  positioning. 

The  use  of  bottom  acoustic  systems  for  positioning,  such  as  those 
offered  by  Alpine  Geophysical,  Edo  Western,  and  Bendix,  may  be  sufficiently 
accurate  for  the  requirements  of  many  structures.  These  systems  coupled 
with  a  dynamic  ship-positioning  system,  such  as  is  installed  on  the  A.  C. 
Electronics  vessel,  the  Swan,  may  fulfil!  the  survey  positioning  requirements 
of  many  seafloor  projects.  It  is  believed,  however,  that  the  best  accuracies 
for  positions  would  be  obtained  by  using  submersibles  together  with  these 
acoustic  systems  which  are  placed  at  known  absolute  coordinates  with  respect 
to  the  reference  system  used  by  the  U.S.  Geodetic  Survey. 

The  use  of  lasers  for  precise  locations  has  been  attempted  by  several 
organizations.  As  indicated  by  Thomas  44  experiments  are  being  conducted 
with  lasers  to  replace  the  light  sources  in  Geodimeters.  For  underwater 
applications,  TRW  Systems  Group45  has  developed  a  laser  surveying  system 
for  diver  operations  at  water  depths  to  60  feet.  The  system  consists  of  a  unit 
analogous'to  a  surveying  transit,  a  stadia  rod,  and  a  tape.  The  design  objective 
accuracies  for  distance  and  angles  of  the  system  are  on  the  order  of  ±0.5  foot 
and  ±  1 0  minutes,  respectively,  for  locating  corners  of  a  rectangle  30  x  90  feet. 
Lasers  also  have  been  used  on  various  terrestrial  construction  projects.  The 
major  limitation  of  laser  techniques  is  that  they  are  applicable  only  to  line-of- 
sight  surveys.  In  underwater  applications  of  lasers,  the  light  energy  is  attenuated 
by  the  many  particles  in  the  water  column  such  as  plankton  and  organic  debris. 

The  visual  survey  systems  include  the  use  of  transits  or  theodolites  in 
triangulation  techniques.  The  base  line  for  the  triangulation  survey  is  usually 
on  land,  but  part  of  this  line  could  span  bodies  of  water.  Since  these  techniques 
are  routinely  used  in  terrestrial  surveys,  they  will  not  be  discussed  here. 

Subbottom  Profilers 

This  discussion  of  subbottom  profilers  is  based  principally  on  the 
survey  made  by  Schlank46  on  currently  available  profiling  equipment.  A 
summary  of  the  manufacturers  of  subbottom  equipment  and  the  various 
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profiling  systems,  energy  sources,  detectors,  and  recorders  is  shown  in 
Table  B-3.  Some  of  these  systems  shown  are  high-resolution,  shallow- 
penetration  profilers  that  are  applicable  to  surveys  for  seafloor  structures. 

A  subbottom  profiling  system  consists  of  four  components:  energy 
source,  detector  system,  amplifier  and  filter,  and  recorder.  There  are  many 
types  of  energy  sources,  the  common  names  of  which  include  the  following: 
transducers,  sparkers,  boomers,  line  sources,  pneumatic  sound  sources,  and 
thermodynamic  sources.  The  actual  sound  is  created  by  electromechanical, 
electric  spark,  pneumatic,  gas  explosion  or  other  means.  The  detector 
system  is  usually  an  array  of  hydrophones  that  complement  the  type  of 
sound  source  being  used. 

The  objective  of  a  subbottom  system  for  use  in  surveying  for 
ocean-floor  structures  is  to  be  able  to  delineate  structural  characteristics 
of  the  seafloor  which  may  influence  the  stability  of  the  structure.  These 
characteristics  may  include  a  very  thin  layer  (<6  inches)  of  weak  sediments, 
a  similar  layer  which  could  be  the  path  for  a  failure  plane,  tension  cracks, 
discontinuities,  and  faults.  To  detect  these  features,  it  is  necessary  to  utilize 
high  resolution  profilers. 

The  limitations  of  the  profiling  technique  in  general  are  significant, 
although  efforts  are  being  made  to  minimize  and  understand  these  effects. 
These  limitations  include  the  inability  to  accurately  establish  the  velocity 
of  sound  through  the  various  sediment  layers  in  a  given  profile,  to  differen¬ 
tiate  extraneous  signals  and  noise,  and  to  accurately  interpret  records  that 
include  side  echoes  and  multiple  reflections.  Therefore  further  research  in 
subbottom  profiling  systems  is  required  to  develop  one  suitable  for  site 
surveying  for  seafloor  structures. 

These  subbottom  profilers,  various  bottom  profilers,  and  side-scan 
devices  are  summarized  in  Table  B-4. 

Bottom  Mapping  Systems 

There  are  basically  two  ways  to  develop  topographic  charts  of  the 
seafloor.  The  first  method  is  by  the  use  of  a  bottom  profiler  such  as  a 
Precision  Depth  Recorder  (PDR),  Precision  Graphic  Recorder  (PGR),  or 
similar  depth-sounding  system  together  with  a  surface  positioning  system. 
This  technique  is  based  on  the  velocity  of  sound  through  the  water  column. 
Since  the  velocity  of  sound  is  a  function  of  the  salinity,  temperature,  and 
pressure  of  the  water,  a  correction  for  these  factors  is  required.  The  record¬ 
ing  of  the  depth  and  respective  positions  during  the  survey  on  magnetic  tape 
in  computer-processable  format,  as  is  being  done  by  NCEL,  facilitates  data 
reduction  and  application  of  corrections.  Maps  developed  by  the  use  of  these 
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sounding  techniques  from  the  water  surface  are  deficient  for  surveys  for 
seafloor  structures.  This  deficiency  was  demonstrated  by  the  survey  con¬ 
ducted  with  the  Alvin.47  The  echogram  aboard  the  surface  support  vessel 
Lulu  indicated  a  gentle  rise  over  a  particular  area  where  as  the  Alvin  actually 
determined  a  200  meter  (650  feet)  near  vertical  cliff  existed.  Other  similar 
situations  can  be  demonstrated  with  the  use  of  submersibles. 

An  improvement  over  the  above  technique  involves  the  use  of 
submersibles  near  the  bottom  with  depth  profilers  and  a  local  positioning 
system.  At  least  one  submersible  has  the  capabil  ty  to  collect  data  in  this 
fashion  to  later  develop  contour  charts  of  the  area.  However,  both  the  sub¬ 
merged  and  the  surface  technique  are  based  on  the  propagation  of  sound 
emitted  from  a  source;  in  some  cases  in  a  cone-shaped  spectrum  as  large  as 
60  degrees.  In  many  instances  because  of  the  wide  cone  of  emission,  the 
first  echo  (usually  considered  to  be  the  bottom)  may  not  be  the  depth  to 
the  bottom  directly  under  the  recorded  surface  position.  Thus,  a  better 
system  for  mapping  the  seafloor  is  required. 

The  need  for  a  better  system  for  mapping  the  seafloor  has  stimulated 
th  U.S.  Naval  Oceanographic  Office  (NAVOCEANO)  to  develop  the  photo- 
grammetric  technique  for  ocean  applications.  Initial  phases  of  this  development 
using  a  diver-operated  vehicle  were  reported  by  Poll io.48  The  results  obtained 
using  this  technique  are  satisfactory  for  application  to  structures  on  the  seafloor. 
It  was  possible  to  draw  contours  to  1  decimeter  (about  4  inches)  with  the  col¬ 
lected  data.  Application  of  this  technique  to  deep  water  using  manned 
submersibles  presents  additional  problems.  These  problems,  as  outlined  in 
Poll io's  paper,  include  improving  camera  systems,  positioning  systems,  and 
submersible  performance.  In  addition  to  NAVOCEANO,  another  organization 
pursuing  the  development  of  photogrammetric  methods  is  NURDC,  San  Diego. 

The  photogrammetric  technique,  at  the  moment,  appears  to  be  the 
most  promising  to  develop  contour  charts  for  application  to  structures  on  the 
seafloor.  However,  imaging  techniques  and  laser  techniques  being  developed 
may  also  prove  fruitful. 

Systems  for  Measuring  Physical  and  Chemical  Parameters 

Instruments  for  assessing  the  physical  and  chemical  oceanographic 
parameters  of  significance  to  ocean  structures  are  listed  in  Table  B-5. 

Included  in  this  table  under  each  manufacturer  are  the  various  instruments 
for  determining  water  depth,  salinity,  temperature,  dissolved  oxygen,  pH, 
sound  velocity,  and  currents.  A  number  of  instruments  have  the  capability 
to  assess  two  or  more  parameters  at  the  same  time.  For  example,  the  Litton 
STD  probe  measures  conductivity  (salinity),  depth,  and  temperature.  There 
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are  other  probes  in  the  listing  that  measure  the  same  parameters.  The  term 
cable-connected  indicates  whether  the  instrument  requires  electrical  and 
telemetering  cables  from  a  surface  or  submet  sible  vessel. 

The  use  of  a  specific  instrument  sv  -.tern  for  site  surveys  will  be  dictated 
by  the  requirement  and  scope  of  the  particular  seafloor  structure. 

Grab  and  Dredge  Samplers 

The  equipment  for  sampling  surficial  sediment  layers  and  rocks  is 
discussed  here  and  listed  in  Table  B-6. 

Grab  Samplers.  These  are  of  two  types:  clam  shell  and  snapper. 

Most  are  bottom  trigger  operated.  These  are  lowered  in  a  cocked,  open 
position,  but  on  contact  with  the  ocean  bottom,  a  lever  trips  a  catch  and  a 
powerful  spring  causes  the  jaws  to  snap  shut  enclosing  a  sediment  sample. 
These  types  include  the  Berge-Ekman  dredge,  Dietz-LaFond  sampler,  Emery 
foot  trip  (modified  Pettersen),  and  the  mud  snapper. 

Orange  Peel  Bucket  Dredges.  These  operate  on  the  same  principle  as 
the  grab  samplers  but  are  mechanically  controlled  upon  retrieval.  As  tension 
is  placed  on  the  retrieval  wire,  a  pulley  arrangement  closes  the  jaws  entrapping 
a  sample.  A  canvas  cover  is  usually  used  over  the  top  of  the  mechanism  to 
prevent  the  sample  from  being  washed  out. 

Tubular  Sampler.  These  resemble  corers  except  for  the  length  of  the 
sample.  They  free-fall  into  the  bottom  and  the  sample  is  retained  in  a  small 
plastic  tube. 

Scoopfish  (Emery-Champion).  This  type  is  towed  and  falls  free  to  the 
bottom  where  it  d.gs  into  the  bottom  and  trips  a  mechanism  which  closes  a 
cap  and  at  the  same  time  reverses  the  sampler  which  is  retrieved  vertically 
with  the  digging  end  up. 

Pipe  Dredges.  These  are  as  the  name  implies,  a  large  pipe  with  one 
end  sharpened  and  the  other  end  closed  by  a  mesh.  They  are  allowed  to  lie 
on  the  ocean  bottom  and  are  dragged  horizontally  to  fill  the  sampling  cavity. 

Rock  Dredges.  These  are  rectangular  boxes  made  of  metal  frames 
with  metal  mesh  and  digging  teeth.  They  are  dragged  along  the  bottom  to 
break  off  and  recover  rocks.  Sediment  is  not  retained  because  the  mesh 
netting  is  large.  The  front  end  is  always  kept  open. 

Biological  Dredges.  These  are  the  same  as  the  rock  dredges  except 
the  teeth  are  smaller  and  the  mesh  is  finer  to  retain  biological  samples  such 
as  shrimp,  worms,  etc. 
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Blockade  Sampler.  These  resemble  the  tubular  sampler  except  the 
sample  is  taken  horizontally  and  features  a  messenger-activated  closing  devioe 
which  moves  over  the  mouth  of  the  sampling  tube  to  prevent  the  captured 
sample  from  being  washed  away  during  recovery. 

Rectangular  Box  Sediment  Sampler.  This  sampler  consists  of  an 
open-bottom,  rectangular-shaped  box  mounted  at  the  end  of  a  sturdy  sliding 
vertical  bar.  A  triggering  mechanism  permits  the  sampler  to  plunge  into  the 
bottom.  A  lever  mechanism  permits  closure  of  the  bottom  end  upon  initia¬ 
tion  of  withdrawal.  This  sampler  provides  an  undisturbed  sample  for  tests 
and  analyses  of  stratification  of  the  near-surface  layers.  This  device  causes 
less  disturbance  than  the  other  samplers  mentioned  above. 

Biological  and  Water  Samplers 

Table  B-7  includes  the  various  available  instruments  for  collecting 
biological  and  water  samples.  The  specific  instrument  to  be  used  for  a 
particular  survey  will  be  dictated  by  the  requirements  and  scope  of  the 
seafloor  structure. 

Further  research  is  required  in  this  area  of  biological  and  water 
sampling  to  determine  parameters  which  are  responsible  for  the  initial  causes 
of  corrosion  and  fouling.  Once  these  causes  are  identified,  a  particular  instru¬ 
ment  listed  may  be  applicable  to  sample  collection. 

Underwater  Cameras  and  Lights 

Tables  B-8  and  B-9  are  listings  of  underwater  cameras  and  lights, 
respectively.  Some  of  these  instruments  are  designed  into  a  package  that 
will  also  permit  taking  grab  samples  of  the  seafloor. 

The  camera-light  system  for  use  in  a  particular  survey  is  dictated  by 
the  scope  and  requirements  of  the  particular  structure.  For  example,  the  use 
of  these  instruments  in  stereo  mapping  applications  will  require  special  lens 
designs  to  eliminate  distortions.  The  use  of  color  and  range  gating  techniques 
would  also  require  special  considerations  in  design.  The  design  of  a  particular 
camera  system  would  therefore  require  the  services  of  personnel  experienced 
in  that  particular  field  of  application. 

Oceanographic  Research  Vessels 

Table  C-1  lists  the  various  surface  oceanographic  research  vessels  being 
used  by  U.S.  Government  agencies  and  universities.  The  information  on  most 
vessels  in  the  table  was  obtained  from  publications  on  oceanographic  vessels 
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of  the  world  which  were  prepared  by  tne  IGV  World  Data  Center  and  the 
National  Oceanographic  Data  Center.49  Since  these  publications  were  prepared 
several  years  ago,  information  on  some  of  the  vessels  may  be  slightly  outdated. 
Information  on  the  remaining  vessels  was  obtained  from  various  miscellaneous 
sources.  The  purpose  of  this  listing  is  to  identify  all  of  the  vessels  that  may  be 
available  for  use  in  a  particular  survey  project.  These  vessels  are  operated  by 
the  designated  organizations,  whose  work  may  have  priority;  however,  use  of 
these  vessels  may  be  arranged  by  others,  in  some  cases  on  a  "not  to  interfere" 
basis.  As  an  example,  NCEL  used  the  Bureau  of  Mines  vessel  Virginia  City  on 
this  basis. 

There  are  many  oceanographic  vessels  owned  by  various  private 
enterprises  that  may  also  be  available  for  use  in  a  particular  survey  project. 

The  preparation  of  an  exhaustive  list  of  these  vessels  has  not  been  attempted. 

A  brief  survey  was  conducted  by  NCEL  to  determine  the  type  of  vessels,  costs, 
and  other  features  of  the  vessels  that  are  available  for  lease  along  the  Southern 
California  coast.  Although  these  vessels  are  available  for  lease,  in  most  cases 
a  long  lead  time  is  required  to  secure  their  use.  Costs  for  these  vessels  ranged 
from  approximately  $500  per  day  for  a  65-foot-long  vessel  to  $2,500  per  day 
for  a  185-foot-long  vessel.  In  general,  costs  were  variable  and  depended  on 
ship  size,  available  equipment,  and  other  factors. 

Submersibles 

Table  C-2  is  a  listing  of  various  oceanographic  submersibles  in  operation, 
or  being  designed  or  fabricated  in  the  United  States.  The  information  in  this 
table  was  abstracted  from  Reference  50  and  other  sources.  Many  of  the  sub¬ 
mersibles  operated  by  private  industries  are  availab'e  for  lease,  although  the 
cost  to  lease  these  submersibles  is  high.  Depending  on  the  particular  submers¬ 
ible,  the  cost  for  leasing  e  submersible  could  range  from  $3,000  to  $10,000 
per  day.  The  particular  submersible  that  can  be  used  will  be  dictated  by  the 
cost,  the  availability  cf  the  submersible,  and  the  requirements  of  the  particular 
survey  project. 


DATA  PROCESSING  AND  ANALYSIS 

There  are  mam  specialized  instruments  and  techniques  to  process  and 
analyze  data  collected  in  site  surveys.  Systems  which  are  generally  applicable 
to  site  surveys,  will  be  described;  specialized  systems  associated  with  a  particular 
manufacturer's  product  will  not  be  discussed. 

In  foundation  engineering,  computers  have  been  used  to  process  and 
analyze  data  on  ocean  sediments.  Reference  51  is  an  accumulation  of  data 
processing  and  analysis  techniques  for  tests  on  sediment  core  samples.  In 
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this  reference  are  Fortran  computer  programs  for  reducing  data  from  tests  on 
engineering  index  properties,  particle  size,  carbonate— organic  carbon  content, 
direct  shear,  triaxial  shear,  consolidation,  and  permeability.  A  program  for 
settlement  analysis  is  also  included.  This  latter  program  incorporates  values 
from  the  various  test  results  to  compute  total  settlement  values  due  to  con¬ 
solidation  for  various  characteristics  of  a  given  structure.  Reference  52 
contains  programs  which  were  originally  written  for  application  to  terrestrial 
soils,  but  may  be  used,  with  possibly  minor  modification,  for  seafloor  sedi¬ 
ments.  These  programs  use  magnetic  tapes  for  data  input  and  output.  The 
reduction  of  data  from  in-situ  plate  bearing  tests  has  also  utilized  computer 
methods. 

Computer  methods  have  been  applied  to  the  determination  of  the 
geological  characteristics  of  a  site  in  site  surveys.  Seismic  surveys,  in  particular, 
have  received  concentrated  efforts  directed  to  the  application  of  computer 
methods.  Data  from  these  surveys  are  stored  and  later  processed  by  computers 
with  associated  equipment  which  develops  records  for  further  studies  and  eval¬ 
uation.  Specialized  em  dement  is  also  available  which  will  process  the  data 
aboard  the  vessel  and  pi  jsent  the  data  in  real  time. 

The  tedious  task  of  developing  contour  charts  for  a  given  site  has 
been  simplified  and  preparation  time  reduced  by  computer  methods  Two 
examples  of  programs  developed  for  this  purpose  are  those  developed  by  IBM 
(International  Business  Machines)  and  CALCOMP  (California  Computer  Pro 
ducts,  Inc.).  The  first  system  is  called  the  IBM  1130  Numerical  Surface 
Techniques  and  Contour  Map  Plotting.  The  CALCOMP  system  is  called 
General  Purpose  Contouring  Program  (GPCP).  The  GPCP  is  claimed  to  be 
about  30  times  faster  than  manual  contouring  techniques.  An  example  of  a 
map  prepared  by  one  of  these  programs  (GPCP)  is  shown  in  Figure  24. 

Physical  and  chemical  oceanographic  data  have  been  processed  by 
various  computer  techniques.  Data  obtained  with  in-situ  probes  for  salinity, 
temperature,  and  depth  which  are  recorded  in  computer-compatible  formats 
are  swiftly  and  conveniently  reduced  by  computer  procedures.  The  compu¬ 
tation  of  temperature  and  thermometiic  depth  from  reversing  thermometer 
data  is  facilitated  by  a  computer  program,  such  as  that  shown  in  Appendix  D. 
Plots  of  current  direction  and  magnitudes  (histograms)53  are  prepared  as  a 
routine  computer  operation.  There  are  many  more  computer  programs  for 
processing  oceanographic  data  that  are  being  used  by  activities  in  this  field. 

There  has  been  some  investigation  of  statistically  processing  biological 
data.  These  data,  however,  are  not  readily  amenable  to  collection  in  computer- 
compatible  form  in  site  surveys. 

The  processing  of  surface  data  is  almost  routine.  Data  gathered  by 
oceanographic  buoys  can  either  be  stored  or  telemetered  to  a  shore-  or 
ship-based  station  and  then  easily  processed  by  computer  procedures. 
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From  the  above  discussion  on  data  processing  and  analysis,  it  is 
apparent  that  in  most  cases  the  data  gathered  from  site  surveys  should  be 
processed  and  analyzed  by  computer  techniques.  These  techniques  are  more 
rapid,  accurate,  convenient,  and  economical  than  manual  techniques.  Unfor¬ 
tunately,  since  the  requirements  of  each  site  survey  differ,  a  step-by-step 
procedure  cannot  be  established  for  data  processing  and  analysis  that  would 
be  applicable  tc  all  situations.  The  many  computer  programs  written  for 
particular  problems  by  the  various  researchers  in  the  oceanographic  field, 
however,  could  be  used  in  numerous  cases,  if  they  were  available.  Such  pro¬ 
grams  can  best  be  retrieved  through  the  NODC  (National  Oceanographic  Data 
Center).  The  programs  available  from  NODC  are  usually  referenced  in  their 
publications  on  summaries  of  computer  programs,  for  example  C-5.54 


PRESENTATION  OF  RESULTS 

There  are  a  number  of  forms  in  which  data  from  site  surveys  can  be 
reported,  such  as,  photographs,  charts,  graphs,  tables,  and  logs.  The  choice 
of  which  form  to  use  depends  on  the  quantity  and  parameter  being  reported. 

In  general,  the  selection  should  be  governed  by  the  question:  "Which  form 
is  most  explicit  in  conveying  the  information?"  A  mosaic  of  photographs  is 
sometimes  more  useful  than  separate  single  shots.  Charts,  graphs,  and  tables 
are  constructed  easily  by  computer  methods  from  field  data.  Since  each 
problem  may  be  unique,  it  is  difficult  to  prescribe  rules  for  presenting  data 
for  all  site  survey  parameters.  The  method  of  presenting  data  is  thus  dependent 
mainly  on  one's  own  judgement. 


CONCLUSIONS 

The  requirements  for  a  given  structure  will  govern  the  extent  and 
type  of  parameters  to  be  assessed  in  the  site  survey.  In  general,  however, 
those  parameters  significant  to  the  stability  of  the  structure  will  have  to  be 
assessed  for  all  structures.  A  definite  set  of  rules  cannot  be  established  that 
would  be  applicable  to  site  surveys  for  all  structures.  The  data  reduction  and 
analysis  of  parameters  measured  in  these  site  surveys,  however,  are  in  general 
best  accomplished  by  computer  techniques. 
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RECOMMENDED  AREAS  OF  RESEARCH 


Three  areas  requiring  immediate  concentrated  'esearch  are  positioning, 
bathymetry,  and  core  sampling.  It  is  recommended  that  capabilities  in  these 
areas  be  improved  to  fulfill  the  needs  for  site  surveying  for  engineering  struc¬ 
tures. 
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Appendix  A 

POSSIBLE  SOURCES  OF  SITE  SURVEY  INFORMATION 


4° 


Table  A-1.  Possible  Sources  for  Bathymetric  Charts 

Continental  Shelf  Data  Systems,  424  Denver  Hilton  Office  Building,  Denver, 
Colorado 

Geological  Society  of  America,  Box  1719,  Boulder,  Colorado  80302 

World  Data  Center/A,  Oceanography,  Washington,  D.  C.  20390 

National  Geographic  Society,  17th  and  M  Street,  N.  W.,  Washington,  D.  C.  20036 

U.  S.  Coast  &  Geodetic  Survey,  ESSA,  Rockville,  Maryland 

Naval  Oceanographic  Distribution  Center,  Clearfield,  Utah  84016  and 
5801  Tabor  Avenue,  Philadelphia,  Pennsylvania  19120 

Oregon  State  University,  Department  of  Oceanography,  Corvallis,  Oregon 

Scripps  Institution  of  Oceanography,  University  of  California,  La  Jolla, 

California 

Texas  A  &  M  University,  College  Station,  Texas  77843 

University  of  Hawaii,  Department  of  Geophysics,  2444  Dole  Street,  Honolulu, 
Hawaii  96822 

University  of  Miami,  Coral  Gables,  Florida  33124 

University  of  Rhode  Island,  Kingston,  Rhode  Island  02881 

University  of  Washington,  Seattle,  Washington  98105 

Woods  Hole  Oceanographic  Institution,  Woods  Hole,  Massachusetts  02543 
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Table  A-2.  Possible  Sources  for  Underwater  Photographs 


Organizations  and  Individuals 

Naval  Oceanographic  Office,  Washington,  D.  C.  20390 

National  Oceanographic  Data  Center,  Navy  Yard  Annex,  Bldg.  160, 
Washington,  D.  C.  20390 

Academy  of  Underwater  Photographers,  2190  Alson  Road,  Santa  Barbara, 
California 

Jacques  Yves  Cousteau,  Oceanographic  Museum  of  Monaco,  16  Boulevard 
de  Swisse,  Monte  Carlo,  Monaco 

Harold  E.  Edgerton,  Edgerton,  Germeshausen  and  Grier,  Inc.,  Systems 
Division,  95  Brookline  Avenue,  Boston,  Massachusetts  02215 

Hydro  Products,  Division  of  Dillingham  Corporation,  1 1803  Sorrento  Valley 
Rd.,  San  Diego,  California  92121 

Life  Magazine  Nature  Books,  Time  &  Life  Building,  Rockefeller  Center,  New 
York,  N.  Y.  10020 

National  Geographic  Magazine,  17th  and  M  Streets,  N.  W.,  Washington,  D.  C. 
20036 

Dimitri  Rebikoff,  Rebikoff  Underwater  Products,  Inc.,  245  S.  W.  32nd  St., 
Fort  Lauderdale,  Florida  33315 

Carl  Shipek,  NURDC,  San  Diego,  California  92132 

Atlantic  Richfield  Oil  Company,  260  South  Broad  Street,  Philadelphia, 
Pennsylvania  19101 

Gulf  Oil  Company,  Gulf  Building,  Pittsburgh,  Pennsylvania  15230 

Humble  Oil  and  Refining  Company,  Box  2180,  Houston,  Texas  77001 

Phillips  Petroleum  Company,  Bartlesville,  Oklahoma  74004 

Socony  Mobil  Oil  Co.,  Inc.,  150  East  42nd  Street,  New  York,  N.  Y.  10017 

Sun  Oil  Company,  1608  Walnut  Street,  Philadelphia,  Pennsylvania  19103 

Texaco  Oil  Company,  135  East  42nd  Street,  New  York,  N.  Y.  10017 

Union  Oil  Company  of  California,  Union  Oil  Center,  P.  0.  Box  7600,  Los 
Angeles,  California  90054 
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Magazines 


Oceanology  International,  Industrial  Research  Publications  Company, 

Beverly  Shores,  Indiana  46301 

Ocean  Industry,  Gulf  Publishing,  P.  0.  Box  2608,  Houston,  Texas  77001 

Offshore,  Petroleum  Publishing  Company,  21 1  South  Cheyenne,  Box  1260, 
Tulsa,  Oklahoma  74101 

UnderSea  Technology,  Compass  Publications  Inc.,  Suite  1000,  1 1 17  N.  19th 
Street,  Arlington,  Virginia  22209 

Bibliography 

Eastman  Kodak  Company.  Pamphlet  no.  P-124:  Bibliography  on  underwater 
photography  and  photogrammetry.  Rochester,  New  York,  1968. 
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Table  A-3.  Possible  Sources  for  Information  on  Sediment  Geological 
and  Engineering  Properties 


Journals 

Bulletin  of  Geological  Society  of  America,  Box  1719,  Boulder,  Colorado 
80302 

Bulletins  of  Research  Organizations 

Journal  of  Geology,  University  of  Chicago  Press,  5750  Ellis  Avenue,  Chicago, 
Illinois  60637 

Journal  of  Marine  Research,  Sears  Foundation  of  Marine  Research,  Box  2025, 
Yale  Station,  New  Haven,  Connecticut  06520 

Journal  of  Paleontology,  Box  979,  Tulsa,  Oklahoma  74101 

Journal  of  Sedimentary  Petrology,  Box  979,  Tulsa,  Oklahoma  74101 

National  Research  Council,  Annual  Report,  2101  Constitution  Avenue,  N.  W., 
Washington,  D.  C.  20025 

Proceedings  of  Conferences,  Congresses  and  Councils  on  Oceanography  and 
Instrumentation 

Transactions  of  the  American  Geophysical  Union,  2100  Pennsylvania  Ave., 

N.  W„  Washington,  D.  C.  20037 

Government  Organizations  and  Universities 

Naval  Civil  Engineering  Laboratory,  Port  Hueneme,  California  93041 

Naval  Oceanographic  Office,  Washington,  D.  C.  20390 

California  Division  of  Mines  and  Geology,  1416  9th  Street,  Sacramento, 
California  95814 

University  of  Southern  California,  University  Park,  Los  Angeles,  California 
90007 

U.  S.  Bureau  of  Mines,  Marine  Minerals  Technology  Center,  3150  Paradise 
Drive,  Tiburon,  California  94920 

U.  S.  Geological  Survey,  18th  and  F  Streets,  N.  W.,  Washington,  D.  C.  20242 

Magazines 

Deep-Sea  Research  and  Oceanographic  Abstracts,  Pergamon  Press,  Inc., 
Maxwell  House,  Fairview  Park,  Elmsford,  New  York  10523 
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Table  A-4.  Possible  Sources  for  Oceanographic  Data 


Universities  and  Colleges 

Woods  Hole  Oceanographic  Institution,  Woods  Hole,  Massachusetts  02543 

Scripps  Institution  of  Oceanography,  University  of  California,  P.  0.  Box  109, 
La  Jolla,  California  92037 

Oregon  State  University,  Corvallis,  Oregon  97331 

Texas  A  &  M  University,  College  Station,  Texas  77843 

University  of  Hawaii,  2444  Dole  Street,  Honolulu,  Hawaii  96822 

University  of  Miami,  Coral  Gables,  Florida  33124 

University  of  Rhode  Island,  Kingston,  Rhode  Island  02881 

University  of  Washington,  Seattle,  Washington  98105 

U.  S.  Naval  Laboratories 

Naval  Civil  Engineering  Laboratory,  Port  Hueneme,  California  93041 

Naval  Oceanographic  Office,  Washington,  D.  C.  20390 

Naval  Postgraduate  School,  Monterey,  California  93940 

Naval  Undersea  Research  and  Development  Center,  Pasadena  and  San  Diego, 
California  92132 

Oceanographer  of  the  Navy,  The  Madison  Bldg.,  732  N.  Washington  Street, 
Alexandria,  Virginia  22314 

Office  of  Naval  Research,  Washington,  D.  C.  20360 

U.  S.  Government  Agencies 

Environmental  Science  Services  Administration,  Washington  Science  Center, 

1 180  Old  Georgetown  Road,  Rockville,  Maryland  20235 

Environmental  Science  Services  Administration,  Atlantic  Oceanographic 
Laboratories,  901  S.  Miami  Avenue,  Miami,  Florida  33130 

Environmental  Science  Services  Administration,  Pacific  Oceanographic 
Laboratories,  1801  Fairview  Avenue,  East  Seattle,  Washington  98102 

World  Data  Center  A,  Oceanography,  Washington,  D.  C.  20390 
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National  Oceanographic  Data'Center,  Navy  Yard  Annex,  Bldg.  160,  Washington, 
D.  C.  20390 

U.  S.  Army  Coastal  Engineering  Research  Center,  5201  Little  Falls  Road,  N.  W., 
Washington,  D.  C.  20016 

U.  S.  Army  Engineer  Waterways  Experiment  Station,  Vicksburg,  Mississippi 
39180 

U.  S.  Bureau  of  Mines,  Department  of  Interior,  Tiburon,  California  94920 

Other  Sources 

Interagency  Committee  on  Oceanography.  ICO  Pamphlet  no.  9:  Bibliography 
of  oceanographic  publications,  Washington,  D.  C.,  April  1963 

American  Meteorological  Society.  Bibliography  on  Marine  Corrosion,  compiled 
by  P.  A.  Keehn,  Washington,  D.  C.  1967.  (Special  bibliographies  on  oceano¬ 
graphy.  Contribution  No.  4) 

Bulletin  of  National  Research  Council,  2101  Constitution  Avenue,  N.  W., 
Washington,  D.  C.  20025 

Journal  of  Marine  Research,  Sears  Foundation,  Yale  University,  New  Haven, 
Connecticut  06520 

Limnology  and  Oceanography,  Allen  Press,  Lawrence,  Kansas  66044 

American  Meteorological  Society.  Collected  bibliographies  on  physical 
oceanography  (1953-1964),  Washington,  D.  C.,  1965.  (Special  bibliographies 
on  oceanography.  Contribution  No.  1) 
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Table  A-5.  Possible  Sources  for  Marine  Geological  Data 


U.  S.  Government  Activities 

National  Oceanographic  Data  Center,  Navy  Yard  Annex,  Bldg.  160,  Washington, 
D.  C.  20390 

Defense  Documentation  Center,  Building  5,  Cameron  Station,  Alexandria, 
Virginia  22314 

Chief,  Input  Section,  Clearinghouse  for  Federal  Scientific  and  Technical 
Information,  5285  Port  Royal  Rd.,  Springfield,  Virginia  22151 

Books 

K.  0.  Emery.  The  sea  off  southern  California,  New  York,  Wiley,  1960 

F.  P.  Shepard.  Submarine  geology,  2nd  ed.,  New  York,  Harper  and  Rowe, 

1963 

California  Division  of  Mines  and  Geology.  Special  Report  44:  Bibliography 
of  marine  geology  and  oceanography,  California  Coast,  Sacramento,  California, 
1955 

Articles 

Lamont-Doherty  Geological  Observatory,  Columbia  University,  Palisades, 

New  York  10964 

National  Science  Foundation,  1800  G  Street,  N.  W.,  Washington,  D.  C.  20550 

U.  S.  Coast  and  Geodetic  Survey,  Washington  Science  Center  ( 1 ),  1 180  Old 
Georgetown  Road,  Rockville,  Maryland  20325 

World  Data  Center  A,  Oceanography,  Washington,  D.  C.  20390 

Journals 

American  Journal  of  Science,  Yale  University,  Kline  Geology  Laboratory, 

New  Haven,  Connecticut  06520 

Bulletin  of  American  Association  of  Petroleum  Geologists,  Box  979,  Tulsa, 
Oklahoma  74101 

Bulletin  of  Geological  Society  of  America,  Box  1719,  Boulder,  Colorado  80302 
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Journal  of  Geophysical  Research,  American  Geophysical  Union,  Suite  435, 
2100  Pennsylvania  Avenue,  N.  W.,  Washington,  D.  C.  20037 

Journal  of  Geology,  University  of  Chicago  Press,  5750  Ellis  Avenue,  Chicago, 
Illinois  60657 

Journal  of  Paleontology,  Box  979,  Tulsa,  Oklahoma  74101 
Journal  of  Sedimentary  Petrology,  Box  979,  Tulsa,  Oklahoma  74101 

Magazines 

Oceanology  International,  Industrial  Research  Publications  Company, 
Beverly  Shores,  Indiana  46301 

Ocean  Industry,  Gulf  Publishing,  P.  0.  Box  2608,  Houston,  Texas  77001 

Offshore,  Petroleum  Publishing  Company,  21 1  South  Cheyenne,  Box 
1260,  Tulsa,  Oklahoma  74101 

UnderSea  Technology,  Compass  Publications,  Inc.,  Suite  1000,  1 1 17  N.  19th 
Street,  Arlington,  Virginia  22209 

Petroleum  Industry 

Atlantic  Richfield  Oil  Company,  260  South  Broad  Street,  Philadelphia, 
Pennsylvania  19101 

Gulf  Oil  Company,  Gulf  Building,  Pittsburgh,  Pennsylvania  15230 
Humble  Oil  and  Refining  Company,  Box  2180,  Houston,  Texas  77001 
Phillips  Petroleum  Company,  Bartlesville,  Oklahoma  74004 
Shell  Oil  Company,  New  York,  N.  Y. 

Socony  Mobil  Oil  Company,  Inc.,  150  East  42nd  Street,  New  York,  N.  Y. 
10017 

Standard  Oil  Company,  910  S.  Michigan  Avenue,  Chicago,  Illinois  60680 

Sun  Oil  Company,  1608  Walnut  Street,  Philadelphia,  Pennsylvania  19103 

Texaco  Oil  Company,  1 35  East  42nd  Street,  New  York,  N.  Y.  1 001 7 

Union  Oil  Company  of  California,  Union  Oil  Center,  P.  O.  Box  7600,  Los 
Angeles,  California  90054 
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Table  A-6.  Possible  Sources  for  Biological  Data 


Bibliographies 

National  Research  Council,  Prevention  of  Deterioration  Center,  Bibliography 
on  marine  fungi  and  algae,  compiled  by  Richard  W.  H.  Lee,  Washington,  D.  C., 
1962 

Naval  Applied  Science  Laboratory,  Technical  Memorandum  no.  1  on  Project 
9400-72:  Bibliography  on  microbiological  corrosion  (deep  sea),  by  E.  Fischer. 
Brooklyn,  New  Hampshire,  June  1965 

Interagency  Committee  on  Oceanography.  ICO  Pamphlet  No.  9:  Bibliography 
of  oceanographic  publications,  Washington,  D.  C.,  April  1963. 

World  Data  Center  A,  Oceanography,  Washington,  D.  C.  20390 

National  Oceanographic  Data  Center,  Navy  Yard  Annex,  Bldg.  160,  Washington, 
D.  C.  20390 

Oceanic  Index,  Oceanic  Research  Institute,  681 1  La  Jolla  Blvd.,  P.  O.  Box  2369, 
La  Jolla,  California  92307 

Smithsonian  Institution,  Office  of  Oceanography  and  Limnology,  1000  Jefferson 
Drive,  S.  W.,  Washington,  D.  C.  20560 

Periodicals 

Limnology  and  Oceanography,  Allen  Press,  Lawrence,  Kansas  66044 

Oceanology  International,  Industrial  Research  Publications  Company,  Beverly 
Shores,  Indiana  46301 

Ocean  Industry,  Gulf  Publishing  Company,  P.  O.  Box  2608,  Houston,  Texas 
77001 

Ocean  Science  News,  Nautilus  Press,  Inc.,  1056  National  Press  Bldg.,  Washington, 
D.  C.  20004 

Science  Magazine,  American  Association  for  the  Advancement  of  Science, 

1515  Massachusetts  Avenue,  N.  W .,  Washington,  D.  C.  20005 

Scientific  American,  415  Madison  Avenue,  New  York,  N.  Y.  10017 

Sea  Frontiers,  International  Oceanographic  Foundation,  10  Rickenbacker 
Causeway,  Virginia  Key,  Miami,  Florida  33149 

Undersea  Technology,  Compass  Pub'ications  Inc.,  Suite  1000,  1 1 17  N.  19th 
Street,  Arlington,  Virginia  22209 
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Table  A-7.  Possible  Sources  for  Data  on  Weather  and  Surface  Effects 


Weather  reports  are  available  from  both  Government  sources  and  private 
sources.  The  best  source  of  current  total  weather  information  is  the 
U.  S.  Weather  Bureau  station  in  your  area.  Other  sources  are: 

World  Data  Center  A,  Oceanography,  Washington,  D.  C.  20390 

Krick  Industrial  Weather  Forecasters,  Denver,  Colorado  80201 

U.  S.  Coast  and  Geodetic  Survey,  Washington  Science  Center  (1) 
1180  Old  Georgetown  Road,  Rockville,  Maryland  20325 

The  U.  S.  Navy  maintains  weather  stations  at  most  shore  based 
stations  along  the  coasts  and  in  foreign  areas.  Consult  local 
phone  service. 

U.  S.  Weather  Bureau,  Department  of  Commerce,  "Climatological 
Data."  Various  state  weather  composite  reports  by  years,  Silver 
Spring,  Maryland. 

Compiled  at:  National  Weather  Records  Center,  Federal  Building, 
Asheville,  North  Carolina  28801 

Climatological  Data  is  available  on  subscription  through  the 
Superintendent  of  Documents,  Government  Printing  Office, 
Washington,  D.  C.  20402 
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Table  A-8.  Possible  Sources  for  Data  on  Earthquakes  and 
Earthquake  Effects 


American  Meteorological  Society.  Bibliography  on  marine  seismics,  by 
O.  Leenhardt,  Washington,  D.  C.,  1967.  (Special  bibliographies  on  ocean¬ 
ography.  Contribution  No.  3) 

University  of  Hawaii,  Hawaii  Institute  of  Geophysics,  Report  HIG-67-25: 
Bibliography  to  the  preliminary  catalog  of  tsunamis  occurring  in  the  Pacific 
Ocean,  by  K.  lida,  D.  C.  Cox,  and  G.  Pararas-Carayannis,  Honolulu,  Hawaii, 
December  1967 

Navy  Min«  Defense  Laboratory.  Report  181 :  Bibliography  on  sieches,  by 
F.  C.  W.  Olson,  Panama  City,  Florida,  August  1962.  (AD  283510) 

University  of  Hawaii,  Hawaii  Institute  of  Geophysics,  Honolulu,  Hawaii 
96822 

Kresge  Seismological  Laboratory,  California  Institute  of  Technology, 

220  North  San  Rafael  Avenue,  Pasadena,  California.  91105.  A  Prime  Source 
of  Earthquake  Information. 

University  of  California,  Seismological  Department,  Berkeley,  California 
94720 

University  of  Tokyo,  Hongo,  Bunkyo-Ku,  Tokyo,  Japan 

Bulletin  of  the  Seismological  Society  of  America,  P.  0.  Box  826,  Berkeley, 
California  94701 

Journal  of  Geophysical  Research,  American  Geophysical  Union,  Suite  435, 
2100  Pennsylvania  Avenue,  N.  W.,  Washington,  D.  C.  20037 

U.  S.  Earthquake  Mechanism  Laboratory,  Environmental  Science  Services 
Administration,  390  Main  Street,  San  Francisco,  California  94105 


Appendix  B 

SITE  SURVEY  INSTRUMENTS 
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Table  B-1.  Core  Samplers 
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Table  B-3.  Summary  of  Subbottom  Profiling  Equipment 


Table  B-6.  Grab  and  Dredge  Samplers 


Table  B-7.  Biological  and  Water  Samplers 
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T able  C  1  Oceanographic  Survey  Vessels  (U  S  Government  and  Uni vcrsi lies) 
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nnoonnnnfl  «n  oooftoo  on  r»r>  o  r> 


SHIP. Si« 52  -  SHIP  NAME 
CRUISE  -  CRuISE  NUMBER 
I month  /  I OAT  /  I  YEAH  -  DATE 
stano  -  staiion  number 

LATO  •  LATITUDE  OEOREES 
ALATM  -  LATITUDE  MINUTES 
10N0  •  LONGITUDE  OEGHEES 
ALONH  -  LONGITUDE  MINUTES 

FaMR  •  FATHOM  *HEEL  MAXIMUM  REAOINGi  FATHOMS 
MIRE An  -  MINE  ANOlEi  OEOREES 
NOFBOT  •  NUMBER  OF  BOTTLES  IN  CAST 
MIREO  -  MlRfc  DEPTHi  METERS 

fmreau  -  fathom  mheel  reaoing  for  respective  bottles 

TMAIN  -  UNCuRRECTEO  main  THERMOMETER  REAOINGi  DEGREES  C 
TAUX  -  AUXILIARY  THERMOMETER  REA01 <Gi  DEGREES  C 
CAUXT  •  CORRECTION  FOR  AUXILIARY  T.iEHMOMCTER 
VO  -  VOLUME  OF  MERCURY  BELOa  ZERO  DEGREE  mARn,  OEG.  CELSIUS 
TIC  -  INDEX  CORRECTION 

N*6I0u  ■  I/COEFFICIENT  OF  THERMAL  EXPANSION  ICONSTANT) 
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RHO  •  DENSITY  (EQUATION  DERIVED  FROM  DATA  FOH  THE  EASTERN  NORTH 
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1  READ  IOOiShIPiSI.SZiCRUISEiIMOnTHiIOAY.IVEARiSTanOiLATDiALATMi 
ILONDi ALONH 
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Washington,  D.  C. 

The  increase  in  interest  by  the  Navy  and  other  organizations  in  placement 
of  structures  on  the  seafloor  necessitates  establishing  site  parameters  relevant  to  such 
construction,  and  equipment  for  measuring  these  parameters.  Included  in  this  report 
are  the  site  parameters  significant  to  designing,  constructing,  operating,  and  maintaining 
a  seafloor  structure;  an  outline  of  the  site  survey  procedure;  the  equipment  available  for 
conducting  these  site  surveys;  and  data  handling  and  reduction  techniques.  Also  included 
are  recommendations  for  research  required  prior  to  placement  of  structures  and  equipment. 
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